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The  publisher  thanks  the  U.S.  Air  Force  Systems  Command  for  use  of  "MIL-STD-1553 
Multiplex  Applications  Handbook"  in  producing  this  Designer's  Guide. 


MIL-STD-1553  has  become  the  standard  its  proponents  had  hoped  it  would  be.  As  one  of 
the  first  companies  to  provide  a  line  of  standard  products  to  serve  the  needs  of  this 
specification,  DDC  began  a  program  of  offering  seminars  to  explain  the  nuances  of  1553 
and  related  similar  specifications.  As  a  result  of  these  presentations,  and  the  ensuing 
question  and  answer  sessions,  it  became  apparent  that  some  sort  of  broad  text  that 
thoroughly  explored  the  spec  and  its  implementation  was  needed.  This  Designer's  Guide 
is  an  attempt  to  satisfy  that  need. 

In  its  generation  we  have  drawn  from  several  sources,  but  primarily  from: 

1.  "MIL-STD-1553  Multiplex  Applications  Handbook" 

2.  Our  own  seminar  notes  and  experiences 

3.  Our  friends  and  customers 

Material  from  all  three  sources  was  used  freely  with  editing  to  keep  the  material  within 
budgetary  constraints. 

The  Designer's  Guide  is  aimed  at  the  design  engineer  confronted  with  a  1553  interface 
requirement.  It  assumes  he  has  read  the  full  spec  (MIL-STD-1553B)  at  least  once  and  so 
has  some  limited  familiarity  with  the  bus  in  general  but  has  questions  on  the  details. 

Section  II  was  taken  straight  from  the  "MIL-STD-1553  Multiplex  Applications 
Handbook".  It  is  included  to  provide  two  things:  1)  a  complete  copy  of  MIL-STD-1553B 
as  a  reference,  and  2)  a  section  by  section  commentary  on  the  whys  and  wherefores  of 
the  spec.  There  is  some  duplication  of  material  in  Sections  I  and  II,  but  this  was 
considered  preferable  to  constant  referencing  back  and  forth.  To  rewrite  either  section 
to  accommodate  the  other  would  not  have  been  worth  the  effort.  Each  section  more  or 
less  stands  alone. 

We  would  like  to  thank  the  U.S.  Air  Force  for  allowing  us  to  use  portions  of  their 
Handbook.  It  is  the  most  complete  manual  on  MIL-STD-1553.  We  also  accept  full 
responsibility  for  any  errors  that  may  have  crept  in  or  important  material  that  may  have 
been  omitted. 

We  have  tried  to  refrain  from  crass  commercialism  in  the  main  body  of  the  technical 
discussion.  However,  a  combination  of  poor  taste  and  an  honest  desire  to  dominate  the 
market  has  resulted  in  a  whole  section  devoted  entirely  to  our  products.  It  is  our  hope 
that,  with  our  broad  line  of  offerings  from  transformers  to  complete  RTU's,  all  user 
needs  can  and  will  be  met. 

We  sincerely  hope  this  Designer's  Guide  will  prove  useful  as  a  working  and  a  reference 
source.  We  have  made  every  effort  to  insure  it  is  correct,  but  still  hope  that  you  will  not 
hesitate  to  call  our  attention  to  errors,  oversights,  omissions,  or  other  suggestions  that 
would  improve  the  Designer's  Guide. 


ILC  Data  Device  Corporation 

P.S.  This  new  second  edition  has  been  updated  to  include  additional  material  on  sys- 
tems integration  issues,  stores  management  issue,  Notice  1  and  Notice  2  to  the 
standard  and  copies  of  the  SAE-AE-9  RT  Validation  Test  Plan  and  RT  Production 
Test  Plan.  We  hope  this  additional  material  will  make  the  book  even  more  useful  to 
the  MIL-STD-1553  community. 


MRMBATON™  MIL-STD-1553  DESIGNER'S  GUIDE 


TABLE  OF  CONTENTS 


SECTION  I  -  DESIGNER'S  NOTES 


INTRODUCTION    I-2 

1.  MIL-STD-1553  Overview    I-2 

1.1  Key  Elements    1-2 

1 .2  Message  Types    I-3 

1 .3  Word  Types    I-5 

1 .4  Options  Within  the  Standard    I-6 

1.4.1  Status  bits    I-6 

1 .4.2  Mode  Codes    I-8 

1 .5  Data  Bus  Network  Considerations    1-11 

1.5.1  MIL-STD-1553  Bus  Network 
Requirements    1-13 

1 .5.2  Data  Bus  Network  Analysis    1-14 

1 .6  The  Most  Frequently  Asked  Questions 
Concerning  MIL-STD-1553    1-16 

1 .6. 1  When  to  Transmit  a  Status  Word  (1 553B 

par.  4.4.3.3  and  4.4.3.4)    1-16 

1 .6.2  Superseding  Valid  Commands  (1 553B 
par.  4.4.3.2)  and  Reset  Data  Bus 
Transmitter  (1553B  par.  4.6.3.2)    1-17 

1.6.3  Illegal  Command  (1553B  par.  4.4.3.4)  ...  1-17 

1.6.4  Invalid  Command  (1553B  par.  4.4.3.3)  ..  1-18 

1.6.5  Impact  of  Notice  2  to  MIL-STD-1553B  ...  1-19 

1 .6.6  Responses  to  Non-Implemented  Mode 
Code  Commands  and  Undefined 

Mode  Codes    I-20 

1.6.7  Two  Single  Channel  Remote  Terminals 
Operating  in  a  Dual  Standby  Redundant 
System    I-23 

1 .6.8  Testing  of  1 553  Terminals    I-24 


2.  A  Comparison  of  Data  Bus  Specifications    I-24 

2.1  Summary  of  Data  Bus  Requirements    I-25 

2.2  Summary  of  Status  Word  Protocols    I-25 

2.3  Summary  of  Status  Word  Bit  Assignments  ..  I-26 

2.4  Summary  of  Mode  Code  Usage    I-27 

2.5  Comparison  of  Data  Bus  Characteristics    I-28 

2.6  Comparison  of  Terminal  Characteristics    1-31 

2.7  Remote  Terminal  Characteristics    I-34 

2.8  Transmitter/Receiver  Response  Voltage  Range  I-34 

3.  System  Design    I-35 

3.1  Data  Bus  Topology    I-35 

3.2  Data  Bus  Control    I-35 

3.2.1  Bus  Control  Mechanization    I-35 

3.2.2  Error  Management    I-39 

3.3  Functional  Partitioning  and  Data  Bus  Element 
Redundancy    I-43 

3.4  Data  and  Control  Passing  in  Hierarchical 
Networks    I-45 

3.5  Network  Startup  and  Shutdown    I-49 

3.6  Systems  Synchronization  and  Protocol    1-51 


3.7  Data  Control    I-54 

3.7.1  Subaddress  Selection/Operation 

and  Data  Storage    I-54 

3.7.1.1  Extended  Subaddressing    I-55 

3.7.2  Data  Buffering  and  Validity    I-56 

3.7.3  Block  Transfers    I-58 

3.7.4  Data  Protection    I-58 

3.8  Data  Bus  Loading  Analysis    I-59 

3.9  Interface  Control  Documents    I-60 

4.  Hardware    I-60 

4.1  Types  of  Terminals    I-60 

4.2  Functional  Elements    I-62 

4.2.1  Analog  Transmitter/Receiver    I-63 

4.2.2  Encoder/Decoder    I-65 

4.2.3  Protocol  Sequencer  and  Subsystem 
Interface    I-66 

4.2.3.1  Protocol  Sequencer  with  Remote 
Terminal  Capability    I-67 

4.2.3.2  Protocol  Sequencer  with  Bus 
Controller  Capability    I-68 

4.2.4  Bus  Coupler  Design    I-68 

5.  Bus  Controller  Software    I-69 

5.1  Single  Message  BlUs    I-69 

5.2  Multiple  Message  BlUs    I-69 

5.3  Message  Headers    I-69 

5.4  Stacks  vs  Linked  Lists    I-70 

5.5  Status  Word  Analysis    1-71 

5.6  Error  Handling    I-72 

5.7  Tag  Words    I-72 

5.8  General  Software  Considerations    I-73 

5.8.1  BIU  Initialization    I-73 

5.8.2  Controller  Synchronization    I-75 

5.8.3  Asynchronous  Message  Insertion    I-75 

5.8.4  Scheduling  Via  Bus  Event    I-76 

5.8.5  Message  Error  Handling  and  Recovery  I-76 

5.9  Message  Reception  and  Use    I-77 

6.  Testing,  Integration  and  Instrumentation    I-78 

6.1  Testing    I-78 

6.1.1  Levels  of  Testing    I-78 

6.1.2  Test  Requirements    I-80 

6.1.2.1  Electrical  Interface  Tests    I-80 

6.1.2.2  Protocol  Tests    I-80 

6.2  Systems  Integration    1-81 

6.2.1  Simulation    I-82 

6.3  Instrumentation    I-83 

7.  Other  Issues    I-84 

7.1  Network  System  Security    I-84 

7.1.1  Definitions    I-84 


IV 


(DOG 

ILC  DATA  DEVICE 
CORPORATION   


MIL-STD-1553  DESIGNER'S  GUIDE 


7.1.2  System  Security  Policy    I-85 

7.1.3  System  Security  Architecture    I-85 

7.1.4  TEMPEST  Design    I-85 

7.1.5  Encryption  Designs  I-85 

7.1 .6  Trusted  Message  Routing  and  Control 
Design    I-85 

7.2  MIL-STD-1 760A  Interconnect  Standard  for 
Aircraft  Stores    I-86 

7.2.1  Definitions    I-86 

7.2.2  Restrictions    I-86 

7.2.3  MIL-STD-1 760A  Signals  Related 

to  1553B    I-88 

7.2.4  Data  Bus  Networks  and  Components  .  I-88 

7.3  System  2    I-89 

7.3.1  Significant  Elements  of  System  2    I-90 


SECTION  II  -  REVIEW  AND  RATIONALE  OF 
MIL-STD-1 553A  AND  MIL-STD-1 553B 

1.  Scope    II-2 

1.1    Application    II-2 

2.  Referenced  Documents    II-2 

2.1    Issue  of  Document    II-2 

3.  Definitions    II-2 

3.1  Bit    II-2 

3.2  Bit  Rate    II-3 

3.3  Pulse  Code  Modulation  (PCM)    II-3 

3.4  Time  Division  Multiplexing  (TDM)    II-3 

3.5  Half  Duplex    II-3 

3.6  Word    II-3 

3.7  Message    II-3 

3.8  Subsystem    II-3 

3.9  Data  Bus    II-3 

3.10  Terminal    II-3 

3.11  Bus  Controller    II-4 

3.12  Bus  Monitor    II-4 

3.13  Remote  Terminal  (RT)    II-4 

3.14  Asynchronous  Operation    II-4 

3.15  Dynamic  Bus  Control    II-4 

3.16  Command/Response    II-4 

3.17  Redundant  Data  Bus    II-4 

3.18  Broadcast    II-4 

3.19  Mode  Code    II-5 

4.  General  Requirements    II-5 

4.1  Test  and  Operating  Requirements    II-5 

4.2  Data  Bus  Operation    II-5 

4.3  Characteristics    II-5 

4.3.1  Data  Form    II-5 

4.3.2  Bit  Priority    II-5 

4.3.3  Transmission  Method    II-6 

4.3.3.1  Modulation    II-6 

4.3.3.2  Data  Code   II-6 

4.3.3.3  Transmission  Bit  Rate    II-6 

4.3.3.4  Word  Size    II-6 

4.3.3.5  Word  Formats    II-6 

4.3.3.5.1  Command  Word    II-6 

4.3.3.5.1.1  Sync    II-6 

4.3.3.5.1 .2  Remote  Terminal  Address  II-7 

4.3.3.5.1.3  Transmit/Receive    II-8 

4.3.3.5.1.4  Subaddress/Mode    II-8 


4.3.3.5.1 .5  Data  Word  Count/ 

Mode  Code    II-8 

4.3.3.5.1.6  Parity    II-8 

4.3.3.5.1 .7  Optional  Mode  Control .  II-8 

4.3.3.5.1.7.1  Dynamic  Bus  Control  11-10 

4.3.3.5. 1 .7.2  Synchronize  (Without 
Data  Word)    11-10 

4.3.3.5.1 .7.3  Transmit  Status 

Word    11-11 

4.3.3.5.1.7.4  Initiate  Self-Test  ...  11-11 

4.3.3.5. 1 .7.5  Transmitter 

Shutdown    11-12 

4.3.3.5. 1 .7.6  Override  Transmitter 
Shutdown    11-12 

4.3.3.5.1 .7.7  Inhibit  Terminal  Flag 
(T/F)  Bit    11-12 

4.3.3.5.1 .7.8  Override  Inhibit 

T/F  Bit    11-13 

4.3.3.5.1 .7.9  Reset  Remote 
Terminal    11-13 

4.3.3.5.1 .7. 1 0  Reserved  Mode  Codes 
(01001  to  011 11)  ..  11-13 

4.3.3.5.1 .7.1 1  Transmit  Vector 

Word    11-13 

4.3.3.5. 1 .7. 1 2  Synchronize  (With 

Data  Word)    11-10 

4.3.3.5.1 .7. 1 3  Transmit  Last 
Command  Word  ..  11-13 

4.3.3.5. 1 .7. 1 4  Transmit  Built-in 

Test  (Bit)  Word  ...  11-11 

4.3.3.5. 1 .7. 1 5  Selected  Transmitter 
Shutdown    11-12 

4.3.3.5.1 .7. 1 6  Override  Selected 
Transmitter 

Shutdown    11-12 

4.3.3.5. 1 .7. 1 7  Reserved  Mode  Codes 
(10110to11111)  ..  11-13 

4.3.3.5.2  Data  Word    11-13 

4.3.3.5.2.1  Sync    11-13 

4.3.3.5.2.2  Data    11-13 

4.3.3.5.2.3  Parity    11-13 

4.3.3.5.3  Status  Word    11-15 

4.3.3.5.3.1  Sync    11-15 

4.3.3.5.3.2  RT  Address    11-15 

4.3.3.5.3.3  Message  Error  Bit    11-15 

4.3.3.5.3.4  Instrumentation  Bit    11-15 

4.3.3.5.3.5  Service  Request  Bit  ...  11-16 

4.3.3.5.3.6  Reserved  Status  Bits  ..  11-16 

4.3.3.5.3.7  Broadcast  Command 
Received  Bit    11-16 

4.3.3.5.3.8  Busy  Bit    11-16 

4.3.3.5.3.9  Subsystem  Flag  Bit  ....  11-16 

4.3.3.5.3. 1 0  Dynamic  Bus  Control 
Acceptance  Bit    11-17 

4.3.3.5.3.11  Terminal  Flag  Bit    11-18 

4.3.3.5.3.12  Parity  Bit    11-18 

4.3.3.5.4  Status  Word  Reset    11-18 

4.3.3.6  Message  Formats    11-18 

4.3.3.6.1  Bus  Controller  To  Remote 
Terminal  Transfers    11-19 

4.3.3.6.2  Remote  Terminal  To  Bus 
Controller  Transfers    11-19 


v 


Terminal  Transfers    11-19 

4.3.3.6.4  Mode  Command  Without 

Data  Word    II-20 

4.3.3.6.5  Mode  Command  With  Data 
Word  (Transmit)    II-20 

4.3.3.6.6  Mode  Command  With  Data 
Word  (Receive)    II-20 

4.3.3.6.7  Optional  Broadcast 
Command    II-20 

4.3.3.6.7.1  Bus  Controller  to  Remote 
Terminal  Transfers 
(Broadcast)    II-20 

4.3.3.6.7.2  Remote  Terminal  to 
Remote  Terminal 
Transfers  (Broadcast) ..  II-20 

4.3.3.6.7.3  Mode  Command  Without 
Data  Word 

(Broadcast)    II-20 

4.3.3.6.7.4  Mode  Command  With 
Data  Word 

(Broadcast)    II-20 

4.3.3.7  Intermessage  Gap    II-22 

4.3.3.8  Response  Time    II-22 

4.3.3.9  Minimum  No-Response 

Time-Out    II-23 

4.4  Terminal  Operation    II-23 

4.4.1  Common  Operation    II-23 

4.4.1.1  Word  Validation    II-23 

4.4.1.2  Transmission  Continuity    II-23 

4.4.1.3  Terminal  Fail-Safe    II-23 

4.4.2  Bus  Controller  Operation    II-26 

4.4.3  Remote  Terminal    II-26 

4.4.3.1  Operation    II-26 

4.4.3.2  Superseding  Valid  Commands . .  1 1-26 

4.4.3.3  Invalid  Commands    II-26 

4.4.3.4  Illegal  Command    II-26 

4.4.3.5  Valid  Data  Reception    II-27 

4.4.3.6  Invalid  Data  Reception    II-27 

4.4.4  Bus  Monitor  Operation    II-28 

4.5  Hardware  Characteristics    II-28 

4.5.1  Data  Bus  Characteristics    II-28 

4.5.1.1  Cable    II-28 

4.5.1.2  Characteristic  Impedance    II-28 

4.5.1.3  Cable  Attenuation    II-28 

4.5.1.4  Cable  Termination    II-28 

4.5.1.5  Cable  Stub  Requirements    II-28 

4.5.1.5.1  Transformer  Coupled  Stubs.  II-36 
4.5.1.5.1.1  Coupling  Transformer  ..  II-36 

4.5.1.5.1.1.1  Transformer  Input 
Impedance    II-36 

4.5.1.5.1 .1 .2  Transformer  Wave- 
form Integrity    II-36 

4. 5. 1.5. 1.1. 3  Transformer 
Common  Mode 
Rejection    II-37 

4.5.1.5.2  Direct  Coupled  Stubs    II-38 

4.5.1.5.2.1  Fault  Isolation    II-38 

4.5.1.5.2.2  Cable  Coupling    II-38 

4.5. 1.5.2.3  Stub  Voltage 
Requirements    II-38 

4.5.1 .5.3  Wiring  and  Cabling  for  EMC .  II-38 


4.5.2.1  Terminals  with  Transformer 
Coupled  Stubs    II-44 

4.5.2.1 .1  Terminal  Output 
Characteristics    II-44 

4.5.2.1.1.1  Output  Levels    II-44 

4.5.2.1.1.2  Output  Waveform    II-44 

4.5.2.1.1.3  Output  Noise    II-44 

4.5.2.1.1.4  Output  Symmetry    II-45 

4.5.2. 1.2  Terminal  Input 
Characteristics    II-45 

4.5.2.1.2.1  Input  Waveform 
Compatibility    II-45 

4.5.2.1 .2.2  Common  Mode 
Rejections    II-45 

4.5.2.1.2.3  Input  Impedance    II-45 

4.5.2.1.2.4  Noise  Rejection    II-46 

4.5.2.2  Terminals  with  Direct 

Coupled  Stubs    II-47 

4.5.2.2.1  Terminal  Output 

Characteristics    II-47 

4.5.2.2.1.1  Output  Levels    II-47 

4.5.2.2.1.2  Output  Waveform    II-47 

4.5.2.2.1.3  Output  Noise    II-47 

4.5.2.2.1.4  Output  Symmetry    II-47 

4.5.2.2.2 Terminal  Input 

Characteristics    II-48 

4.5.2.2.2.1  Input  Waveform 
Compatibility    II-48 

4.5.2.2.2.2  Common  Mode 
Rejections    II-48 

4.5.2.2.2.3  Input  Impedance    II-48 

4.5.2.2.2.4  Noise  Rejection    II-48 

4.6  Redundant  Data  Bus  Requirements    II-49 

4.6.1  Electrical  Isolation    II-49 

4.6.2  Single  Event  Failures    II-49 

4.6.3  Dual  Standby  Redundant  Data  Bus  ...  II-49 

4.6.3.1  Data  Bus  Activity    II-49 

4.6.3.2  Reset  Data  Bus  Transmitter  ..  II-49 

10.  Appendix    II-50 


SECTION  III 

Notice  I    111-1 


SECTION  IV 

Notice  II    IV-1 


SECTION  V 

Production  Test  Plan    V-1 


SECTION  VI 

Validation  Test  Plan    VI-1 


vi 


Product  Selection  Chart    VII-2 

B-2200/2300    VI 1-4 

MIL  DWG  5962-86049    VI 1-8 

Bus  Transformers    VII-10 

BUS-1555    VII-13 

BUS-1556    VII-17 

BUS-61553    VI 1-21 

BUS-61555    VII-51 

BUS-61559    VII-53 

BUS-631 00  II  Series    VII-64 

BUS-63147    VII-74 

BUS-64100  II    VII-78 

BUS-65101  II  and  BUS-65102  II    VII-79 

BUS-65112  and  BUS-65117    VII-81 

BUS-65142and  BUS-65144    VII-99 

BUS-65149   VII-117 

BUS-65505  and  BUS-  65506   VII-132 

BUS-65508  and  BUS-65509   VII-142 

BUS-65515   VII-152 

BUS-65517  II   VII-176 

BUS-65519   VII-182 

BUS-65522  and  BUS-65523   VI  I- 1 90 

BUS-65555   VII-216 

BUS-65612   VII-218 

BUS-66312   VII-220 

BUS-67007   VII-227 

BUS-68005   VII-229 

BUS-68010   VII-245 

BUS-68015   VII-249 

BUS-69005   VII-257 

BUS-69006  Addendum  to  BUS-69005   VII-275 

BUS-8553   VII-277 

BUS-8559   VII-281 


MCE  Smiths  Components   VII-284 


Processor  Interfaces  To  1553  Buses   VIII-3 

A  Systems  Approach  To  MIL-STD-1553 

Terminal  Design   VIII-8 

Steamline  Your  MIL-STD-1553  Design 

By  Eliiminating  The  CPU  VIII-15 

Factors  to  Consider  When  Using  a  PC  in  a 

MIL-STD-1553  Environment  VIII-26 

Additional  Application  Notes 

Available  from  DDC  VIII-29 

SECTION  IX  -  OTHER  PRODUCT  INFORMATION 

1553  Data  Bus  Products   IX-2 

Analog  to  Digital  (A/D)  Converters   IX-5 

Digital  to  Analog  (D/A)  Converters   IX-6 

Sample/Hold  and  Track/Hold  Amplifiers   IX-6 

Synchro  and  Resolver  to  Digital 

(S/D,  R/D)  Converters   IX-7 

Digital  to  Synchro  and  Resolver 

(D/S,  D/R)  Converters   IX-8 

Synchro  and  Resolver  Instruments    IX-9 

Synchro  and  Resolver  Cards   IX-9 

Special  Functions   IX-9 

Power  Hybrids  IX-10 

Memory  Hybrids  IX-10 

DC  -  DC  Converters  IX-10 

Systems  IX- 1 1 

Solid-State  Power  Controllers  IX-1 1 

SECTION  X  -  INDEX 

Subject  Index   X-2 

Product  Part  Number  Index   X-4 


vii 


Q(DQ 

ILC  DATA  DEVICE 
CORPORATION  _ 


MIL-STD-1553  DESIGNER'S  GUIDE 


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 


viii 


I. 

DESIGNER'S  NOTES 


ILC  DATA  DEVICE 

CORPORATION   

INTRODUCTION 

MIL-STD-1553,  Aircraft  Internal  Time  Division 
Command/Response  Multiplex  Data  Bus,  is  a  mil- 
itary standard  (presently  in  revision  B)  which  has 
become  one  of  the  basic  tools  being  used  today  by 
the  DoD  for  integration  of  weapon  systems.  The 
standard  describes  the  method  of  communication 
and  the  electrical  interface  requirements  for  sub- 
systems connected  to  the  data  bus.  The  1  Mbps 
serial  communication  bus  is  used  to  achieve  air- 
craft avionic  (MIL-STD-1553B)  and  stores  man- 
agement (MIL-STD-1760A)  integration.  In  the 
future  it  will  be  used  to  extend  the  systems  integra- 
tion to  flight  controls,  propulsion  controls,  and  veh- 
icle management  system  (electrical,  hydraulic, 
environmental  control,  etc.). 

Several  other  documents  exist  which  are  related  to 
MIL-STD-1553.  MIL-HDBK-1553  describes  the 
implementation  practices  for  this  standard  includ- 
ing: design  considerations,  examples  of  applica- 
tions, and  guidelines  for  implementations.  Portions 
of  MIL-STD-1553  are  also  the  foundation  of  the 
proposed  DOD-STD-1773  (Fiber-optics),  and 
MIL-STD-1760A  (Stores  Management).  In  addi- 
tion, MIL-STD-1553  is  embodied  in  or  referenced 
by  the  following  international  documents:  NATO 
STANAG  3838,  ASCC  Air  Standard  50/2,  and  UK 
DEF  STAN  00-18  (Part  2)/lssue  1. 

This  Designer's  Guide  will  provide;  1)  a  synopsis  of 
the  standard  and  some  frequently  asked  questions 
and  their  answers,  2)  a  specification  comparison  of 
the  detailed  uses  of  the  standard,  3)  a  review  of 
system  design  considerations,  and  4)  a  discussion 
of  remote  terminal  and  bus  controller  designs. 

1.0  MIL-STD-1553  OVERVIEW 

The  1553  standard  is  organized  similar  to  most 
military  standards  with  a  foreword,  scope,  refer- 
enced document  section,  definitions,  general 
requirements,  the  appendix,  and  a  tri-service 
Notice  2.  Notice  2,  which  supersedes  Notice  1,  was 
developed  to  define  which  options  of  the  standard 
are  required  to  enhance  tri-service  interoperability 
and  to  further  define  some  of  the  open-ended  tim- 
ing variables  implied  within  the  standard. 

1.1  Key  Elements 

Some  of  the  key  MIL-STD-1553B  elements  are  the 
bus  controller,  the  embedded  remote  terminal  (a 
sensor  or  subsystem  that  provides  its  own  internal 
1553  interface),  the  stand-alone  remote  terminal, 
bus  monitor,  and  two  other  devices  that  are  part  of 

I-2 


MIL-STD-1553  DESIGNER'S  GUIDE 


the  1553  integration;  the  twisted  shielded  pair  wire 
data  bus  and  the  isolation  couplers  that  are 
optional. 

The  bus  controller's  main  function  is  to  provide 
data  flow  control  forall  transmissions  on  the  bus.  In 

this  role,  the  bus  controller  is  the  sole  source  of 
communication.  The  system  uses  a  command/res- 
ponse method. 

The  embedded  remote  terminal  consists  of  inter- 
face circuitry  located  inside  a  sensor  or  subsystem 
directly  connected  to  the  data  bus.  Its  primary  job  is 
to  perform  the  transfer  of  data  in  and  out  of  the 
subsystem  as  controlled  by  the  bus  controller.  This 
type  of  terminal  usually  does  not  have  bus  con- 
troller capability.  However,  if  the  sensor  itself  is 
fairly  intelligent,  it  can  become  a  candidate  for  the 
backup  bus  controller  function.  Generally,  an  intel- 
ligent subsystem  (i.e.,  computer  based)  can 
become  a  backup  bus  controller  if  a  second  com- 
puter, equal  in  function  to  the  primary,  is 
unavailable. 

The  stand-alone  remote  terminal  is  the  only  device 
solely  dedicated  to  the  multiplex  system.  It  is  used 
to  interface  various  subsystem (s)  which  are  not 
1553  compatible  with  the  1553data  bus  system.  Its 
primary  function  is  to  interface  and  monitor  trans- 
mission in  and  out  of  these  non-1553subsystem(s). 

The  bus  monitor  listens  to  all  messages,  and  subse- 
quently collects  data  from  the  data  bus.  Primary 
applications  of  this  mode  of  operation  include:  col- 
lection of  data  for  on  board  bulk  storage  or  remote 
telemetry;  or  use  within  a  "hot"  or  off-line  back-up 
controller  to  observe  the  state  and  operational 
mode  of  the  system  and  subsystems. 

The  fourth  item  is  the  data  bus  itself.  The  standard 
defines  specific  characteristics  for  the  twisted  pair 
shielded  cable.  Notice  2  tightens  these  require- 
ments and  adds  a  definition  for  connector  polarity. 

The  last  item  to  be  discussed  is  the  data  bus 
coupler  unit  that  isolates  the  main  bus  from  the 
terminals.  MIL-STD-1553B  allows  two  types  of 
data  bus  interface  techniques;  direct  coupling  and 
transformer  coupling.  Subsystems  and  1553  bus 
elements  are  interfaced  to  the  main  data  bus  by 
interconnection  buses  (called  "stubs").  These 
stubs  are  either  connected  directly  to  the  main  bus 
or  interfaced  via  data  bus  couplers.  The  data  bus 
couplers  contain  two  isolation  resistors  (one  per 
wire)  and  an  isolation  transformer  (with  a  ratio  of  1 
to  the  square  root  of  2).  The  purpose  of  the  data  bus 


couplers  is  to  prevent  a  short  on  a  single  stub  from 
shorting  the  main  data  bus.  The  selection  of  the 
value  of  the  resistors,  the  transformer's  turn  ratio, 
and  the  receiver  impedance  are  such  that  the  stub 
appears  to  the  main  bus  as  a  "clean  interface"  (i.e. 
high  impedance).  This  technique  reduces  the  dis- 
tortion caused  on  the  main  data  bus  by  the  termina- 
tion. The  characteristics  of  the  data  bus  couplers 
are  discussed  in  paragraph  4.2.4.  Main  buses  utiliz- 
ing direct  coupled  stubs  must  be  designed  to  with- 
stand the  impedance  mismatch  of  the  stubs.  This 
can  be  reduced  by  minimizing  stub  length  (less 
than  one  foot)  and  "tuning"  the  bus  by  terminal 
spacing.  Designs  not  using  data  bus  couplers 
should  be  carefully  analyzed  and  tested  to  deter- 
mine if  waveform  distortion  is  significant  enough  to 
cause  receiver  problems.  The  other  risk  associated 
with  direct  coupled  stubs  is  a  short  on  a  stub  will 
cause  the  main  bus  to  fail.  The  obvious  advantage 
to  direct  coupled  stubs  is  the  elimination  of  the 
logistical  problems  associated  with  another  device 
and  the  installation  problem  of  locating  these  small 
devices  (approximately  1  inch  cube)  in  the  aircraft. 
Today,  data  bus  couplers  and  line  terminating  res- 
istors are  available  in  molded  packages  which  can 
become  part  of  the  wiring  harness,  thus  eliminating 
some  of  the  installation  problems.  Also,  multiple 
data  bus  couplers  and  data  bus  line  terminating 
resistors  are  available  in  single  packages,  which 
reduces  the  number  of  unique  units  installed  per 
aircraft. 


1.2  Message  Types 

MIL-STD-1553  is  a  serial  data  bus  based  on  mes- 
sage transmission.  Therefore,  considerable  em- 
phasis placed  on  the  term  "information  transfer 
formats,"  which  describe  each  of  the  10  message 
types.  Within  these  10  message  types  are  the  for- 
mats used  to  achieve  communication,  the  primary 
function  of  the  data  bus  system.  Each  message 
format  is  made  up  of  control  words  called  com- 
mand and  status.  Data  words  are  used  to  encode 
communication  between  system  elements.  Both 
control  words  and  data  words  are  used  in  system 
communication  as  well  as  data  bus  system  control. 
These  message  formats  have  been  subdivided  into 
two  groups  by  1553B  and  are  shown  in  figure  1-1.1; 
the  "information  transfer  formats"  and  the  "broad- 
cast information  transfer  formats."  These  two 
groups  can  be  easily  segregated  because  the 
broadcast  group  does  not  conform  directly  to  the 
common/response  philosophy  of  the  other  (non- 
broadcast)  message  formats.  (This  command/res- 
ponse philosophy  requires  that  all  error  free 
messages  received  by  a  remote  terminal  be  fol- 
lowed by  the  transmission  of  a  remote  terminal 
status  word.  This  handshaking  process  validates 
error  free  message  completion.  Since  broadcast 
message  formats  are  transmitted  to  multiple  receiv- 
ers, a  more  detailed  scheme  is  required  to  validate 
error  free  message  reception  (this  method  is  des- 
cribed in  paragraph  1.4.2).  Also,  since  address  31  is 
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Figure  1-1.1  Information  Transfer  Formats 
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Figure  1-1.1  (con't.)  Broadcast  Information  Transfer  Formats 


used  by  all  terminals  receiving  a  broadcast  mes- 
sage, subaddressing  needs  to  be  managed  on  a 
data  bus  system  basis  rather  than  on  a  remote 
terminal  basis.  The  ability  to  define  and  use  more 
than  30  subaddresses  is  discussed  in  paragraph 
3.7.1. 

The  information  transfer  formats  allow  communi- 
cations between  two  elements  in  the  data  bus  sys- 
tem; the  bus  controller  and  the  remote  terminal 
(RT).  In  1553,  the  bus  controller  is  in  control  of  all 
communication  and  it  is  the  sole  device  allowed  to 
transmit  command  words.  Notice  that  all  messages 
are  initiated  by  the  bus  controller  using  command 
word(s). 

Messages  to  a  device  (remote  terminal)  from  the 
bus  controller  are  issued  using  a  command  word 

(see  figure  1-1.2)  containing  the  remote  terminal's 
address,  direction  of  message  transmission  (trans- 
mit/receive bit),  subaddress  (destination  within  the 
specific  remote  terminal  or  subsystem),  and  the 
word  count.  The  command  word  is  immediately 
followed  by  the  appropriate  number  of  data  words 
specified  in  the  command  word.  The  receiving  ter- 
minal validates  error  free  message  reception  by 
transmitting  a  status  word  (see  figure  1-1.3),  which 
contains  information  about  its  health.  Using  this 
technique,  the  bus  controller  can  transmit  data  to 
any  terminal  attached  to  the  data  bus.  In  a  similar 
manner,  the  bus  controller  can  initiate  a  command 
to  a  remote  terminal,  which  requires  the  remote 
terminal  to  transmit  a  specific  message  to  the  bus 
controller.  This  is  accomplished  using  the  RT  to 
bus  controller  message  format.  Similiarly,  com- 


munication can  be  established  between  two  unique 
remote  terminals,  when  the  bus  controller  com- 
mands one  terminal  to  receive  data  and  the  other 
terminal  to  transmit  data.  Neither  the  receiving  nor 
the  transmitting  terminal  knows  where  the  mes- 
sage originated  or  destined.  Both  will  transmit  sta- 
tus words  in  the  proper  formats.  Each  status  word 
is  evaluated  by  the  bus  controller  to  verify  error  free 
message  completion.  In  addition  to  these  three 
message  formats,  three  control  message  formats 
are  provided  to  support  data  bus  system  manage- 
ment. These  formats  are  mode  code  formats  allow- 
ing the  transmission  of  a  command  word  and  up  to 
one  data  word  from  the  bus  controller  to  a  unique 
remote  terminal.  The  remote  terminal's  response 
involves  the  transmission  of  a  status  word  and  up  to 
one  data  word  upon  receipt  of  the  mode  command. 
The  use  of  each  mode  code  will  be  discussed  in 
paragraph  1.4.2. 
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Broadcast  formats  are  identical  to  the  non- 
broadcast  formats  discussed  above,  except  the 
bus  controller  transmits  commands  using  a 
remote  terminal  address  of  "31"  (11111),  which  has 
been  reserved  for  this  function.  All  remote  termi- 
nals with  the  broadcast  reception  capability  will 
receive  this  command,  validate  error  free  message 
reception,  and  establish  a  status  word  response, 
but  the  transmission  of  the  status  word  will  be 
suppressed.  Obviously,  if  multipleterminalssimul- 
taneously  transmitted  their  status  responses  a  bus 
"crash"  (undetectable  message  transmissions) 
would  occur.  As  can  be  seen  by  the  RT  to  RT(s) 
transfer  formats  (see  figure  1-1.1),  the  bus  con- 
troller can  set  up  a  broadcast  data  reception  for  all 
terminals  and  then  command  a  single  terminal 
(unique  address)  to  transmit.  Since  the  data  bus 
system  is  required  to  follow  the  last  valid  com- 
mand, the  unique  terminal  will  transmit  its  status 
word  (which  will  be  ignored  bytheotherterminals) 
followed  by  the  specified  number  of  data  words. 
This  format  allows  a  subsystem  to  broadcast  its 
data  directly  to  multiple  users.  Broadcast  mes- 
sages can  be  validated  using  a  transmit  status  or 
transmit  last  command  mode  code  (see  paragraph 
1.4).  Therefore,  even  broadcast  message  formats 
have  a  command/response  approach  to  message 
validation,  if  required  by  the  system  design.  Notice 
2  of  the  standard  allows  for  the  transmission  by  the 
bus  controller  of  broadcast  mode  codes  only 
(whereas  Notice  1  forbids  all  broadcast  mes- 
sages). This  will  ease  the  bus  controller's  overhead 
in  performing  such  tasks  as  minor/major  frame 
synchronization. 

1.3  Word  Types 

The  standard  allows  for  only  three  types  of  words 
as  dicscussed  in  the  previous  message  format  sec- 
tion; command  word,  status  word,  and  data  word. 
1553  requires  each  word  to  consist  of  16  bits  of 
data  plus,  a  sync  pattern  (3  bit  times  long),  and  a 
one  bit  parity  providing  a  20  bit  word  format.  The 
contents  of  each  word  type  is  shown  in  figure  1-1.2. 


The  command  word  provides  the  definition  of  the 
message  format  to  be  transmitted  and  can  only  be 
transmitted  by  the  bus  controller.  As  seen  in  the 
message  format  section,  the  command  word  may 
be  followed  by  data,  another  command  word,  or  a 
response  time  gap  prior  to  status  word  transmis- 
sion by  the  remote  terminal.  The  command  word 
sync  pattern  is  a  unique  invalid  Manchester  wave- 
form which  cannot  be  duplicated  by  data  (see  fig- 
ure 1-1.3).  The  command  word  sync  and  the  status 
word  sync  are  identical  and  the  inverse  of  the  data 
word  sync  pattern.  Therefore,  command  and  sta- 
tus words,  which  initiate  a  sequence,  can  always 
be  distinguished  from  data  word  sync  patterns. 
The  command  word  address  is  always  the  address 
of  the  remote  terminal  being  commanded;  a  bus 
controller  does  not  have  an  address  while  in  the 
active  bus  controller  mode  (backup  bus  con- 
trollers can  function  as  an  RT  with  a  unique 
address  or  as  a  bus  monitor  with  no  address  until 
they  become  an  active  bus  controller).  The  trans- 
mit/receive (T/R)  bit  indicates  the  direction  of  flow 
of  data  words  (i.e.,  receive  means  data  to  be 
received  by  the  remote  terminal).  The  subaddress- 
/mode  code  field  has  two  purposes.  When  a  uni- 
que terminal  is  to  receive  or  transmit  data,  the 
subaddress  acts  as  an  internal  address  to  point  to 
the  type  of  data  desired,  the  location  of  a  data 
pointer  in  memory,  subsystem  interface,  etc.  (see 
paragraphs  3.7.1  and  5.3  for  further  discussion  on 
subaddressing). 

When  the  subaddress  field  is  00000  or  11111,  it 
indicates  that  the  next  field  contains  the  number  of 
the  mode  code.  The  next  field  (word  count/mode 
number)  contains  the  number  of  data  word(s)  in 
the  message  or  the  number  of  the  mode  code.  Odd 
parity  is  established  for  all  words  based  on  the  16 
bits  of  data  plus  parity  bit. 

The  data  word  contains  a  unique  sync  (three  bit 
times  long),  16  data  bits,  and  a  one  bit  parity.  No 
restrictions  are  placed  on  the  encoding  of  the  data 
field,  except  that  the  "most  significant  bit  shall  be 
transmitted  first."  Once  again,  parity  is  odd  and 
established  on  the  16  bits  of  data  plus  the  parity  bit. 

Recently,  there  have  been  several  efforts  to  stand- 
ardize on  data  word  formats  for  the  more  com- 
monly used  functions.  The  Army  and  Navy  have 
recently  developed  data  bases  for  some  avionics 
equipment.  The  designer  should  check  the  status 
of  these  efforts  before  establishing  a  unique  set  of 
data  formats  for  the  system.  Section  80  (formerly 
Chapter  11)  of  the  "MIL-HDBK-1553  Multiplex 
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sage  formats  for  data  bus  applications.  (See 
paragraph  3.9  for  further  discussion  on  system 
documentation  and  Interface  Control  Docu- 
ments.) 

The  status  word  utilizes  the  same  sync  format  as 
the  command  word.  The  remote  terminal  address 
is  placed  in  the  transmitted  status  word  for  two 
reasons;  so  that  the  status  word  can  be  validated 
by  the  bus  controller  (a  remote  terminal  may  also 
validate  the  status  word  address  field  against  that 
of  the  command  word's  during  an  RT-RT  message 
transfer),  and  so  that  the  status  word  will  not  be 
misinterpreted  by  the  other  terminals  as  a  com- 
mand word.  Any  status  word  transmitted,  must 
contain  valid  information  at  all  times  (i.e.  following 
RT  power-up,  during  initialization,  and  during  nor- 
mal operation).  The  message  error  bit  is  the  only 
required  status  bit  and  it  is  used  to  identify  mes- 
sages which  do  not  pass  the  word  or  message 
validation  tests  of  1553  (1553B  paragraph  4.4.1.1 
and  4.4.1.2).  MIL-STD-1553  requires  this  bit  to  be 
set  if  a  message  fails  to  pass  the  tests  and  the 
status  word  to  be  suppressed  (NOT  to  be  transmit- 
ted). This  means  that  all  messages  that  are  NOT 
error  free  will  NOT  have  a  responding  status  word. 
This  allows  the  bus  controller  to  time-out  on  the  no 
status  response,  thus  alerting  the  bus  controller  of 
a  failure  condition.  To  obtain  the  status  word  with 
the  error  bit  set  requires  a  transmit  status  mode 
code  or  transmit  last  command  word  mode  code  to 
the  terminal  to  retrieve  the  untransmitted  status 
word  (see  paragraph  1.4.2).  The  only  exception  is 
the  illegal  command  option  (see  paragraph  1.6.3). 
The  instrumentation,  service  request,  broadcast 
command  received,  busy,  subsystem  flag,  dy- 
namic bus  controller  acceptance.and  terminal  flag 
bits  are  all  optional  and  are  discussed  in  paragraph 
1.4.1.  Notice  2  tightens  the  requirements  for 
remote  terminals  employing  broadcast  recogni- 
tion, capability  of  dynamic  bus  control,  RT  built- 
in-test,  or  subsystem  built-in-test,  by  requiring  the 
use  of  the  bits  in  the  status  word  associated  with 
these  functions.  Bit  positions  12  through  14  are 
reserved  for  future  use  and  must  be  transmitted  as 
zeros.  To  obtain  usage  of  these  bits  requires  DoD 
approval  (no  approval  has  been  given  as  of  7/87). 
The  last  bit  of  the  status  word  is  the  odd  parity  bit, 
which  is  calculated  in  a  similar  manner  to  all  other 
parity  bits. 

1.4  Options  Within  the  Standard 

Since  the  standard  covers  a  wide  variety  of 
designs,  flexibility  has  been  achieved  without  loss 


MUST  operate  per  the  standard.  If  an  option  is  not 
used  in  the  design,  it  must  follow  the  standard's 
selected  method  (e.g.,  set  a  bit  to  zero  if  unused). 
No  alternative  or  options  other  than  those  speci- 
fied by  the  standard  are  allowed.  Notice  2  was 
developed  to  define  which  options  of  the  standard 
are  required  to  enhance  tri-service  interoperability 
and  to  further  define  some  of  the  open-ended  tim- 
ing variables  implied  within  the  standard.  As  stated 
previously,  options  are  available  in  the  following 
areas;  status  word  bits,  mode  codes,  data  bus 
redundancy,  and  coupling  techniques. 

1.4.1  Status  bits 

The  optional  status  bits  are;  instrumentation,  ser- 
vice request,  broadcast  command  received,  busy, 
subsystem  flag,  dynamic  bus  control  acceptance 
and  terminal  flag. 

The  instrumentation  bit  in  the  status  field  is  set  to 
distinguish  the  status  word  from  the  command 
word.  Since  the  sync  field  is  used  to  distinguish  the 
command  and  status  words  from  a  data  word,  a 
mechanism  to  distinguish  command  and  status 
word  is  provided  by  the  instrumentation  bit.  By 
setting  this  bit  to  logic  zero  in  the  status  word  for  all 
conditions  and  setting  the  same  bit  position  in  the 
command  word  to  a  logic  one,  the  command  and 
status  words  are  identifiable.  If  used,  this  approach 
reduces  the  possible  subaddresses  in  the  com- 
mand word  to  15  and  requires  subaddress  31 
(11111)  to  be  used  to  identify  mode  commands 
(both  11111  and  00000  are  allowed).  If  the  instru- 
mentation bit  is  not  used,  the  bit  will  remain  set  to 
logic  zero  in  the  status  word  for  all  conditions. 

The  service  request  bit  is  provided  to  indicate  to 
the  active  bus  controller  that  the  remote  terminal  is 
requesting  service.  When  this  bit  in  the  status  word 
is  set  to  logic  one,  the  active  bus  controller  may 
take  a  predetermined  action  (if  only  one  action  can 
occur)  or  use  the  transmit  vector  word  mode  com- 
mand to  identify  the  specified  request.  The  mes- 
sage format  for  acquiring  this  is  discussed  under 
transmit  vector  word  mode  command  below. 

For  terminals  implementing  the  broadcast  option, 
the  broadcast  command  received  bit  is  set  to  logic 
one  when  the  proceeding  valid  command  word 
was  a  broadcast  command  (remote  terminals 
address  31).  Since  the  broadcast  message  formats 
require  the  receiving  remote  terminals  to  suppress 
their  status  responses,  the  broadcast  command 
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receive  bit  is  set  to  identify  that  the  message  was 
received  error  free.  To  allow  the  bus  controller  to 
examine  the  status  word  requires  the  use  of  the 
transmit  status  word  mode  code  or  the  transmit 
last  command  word  mode  code.  The  broadcast 
command  received  bit  will  be  reset,  when  the  next 
valid  command  occurs  if  it  is  NOT  one  of  two  mode 
codes;  transmit  status  word  or  transmit  last  com- 
mand word.  Therefore,  to  analyze  the  status  word 
after  a  broadcast  message  has  occurred  requires  a 
mode  code  message  to  a  unique  terminal.  The 
mode  code  message  must  be  transmitted  before 
any  other  message  transmission  to  that  unique 
terminal  in  order  to  retrieve  to  proper  status  word. 

The  busy  bit  in  the  status  word  is  set  to  logic  one  to 
indicate  to  the  active  bus  controller  that  the  remote 
terminal  is  unable  to  move  data  to  or  from  the 
subsystem  in  compliance  with  the  bus  controller's 
command.  A  busy  condition  can  exist  within  a 
remote  terminal  at  any  time  causing  it  to  be  non- 
responsive  to  a  command  to  send  data  or  to 
receive  data.  This  condition  can  exist  for  all  mes- 
sage formats.  In  each  case,  except  the  broadcast 
message  formats,  the  active  bus  controller  will 
determine  the  busy  condition  immediately  upon 
status  response.  In  the  case  of  the  broadcast  mes- 
sage formats,  this  information  will  not  be  known 
unless  the  receiving  terminals  are  analyzed  using 
transmit  status  mode  code  after  the  broadcast 
message.  If  the  status  word  has  the  broadcast 
received  bit  set,  the  message  was  received  and  the 
terminal  was  not  busy.  Notice  2  to  the  standard 
discourages  the  use  and  existence  of  busy  condi- 
tion, as  they  affect  the  overall  communications 
flow  on  the  bus,  add  overhead  to  the  bus  con- 
troller, and  may  have  adverse  effects  upon  data 
latency  requirements  within  time  critical  systems 
(i.e.  flight  controls).  A  busy  condition  must  only 
occur  as  the  results  of  a  particular  command  or 
message  received  by  the  terminal  and  NOT  due  to 
an  internal  periodic  function.  Thus  for  a  non-failed 
terminal,  the  bus  controller,  with  prior  knowledge 
of  the  RT's  characteristics,  can  determine  what 
actions  (commands/messages)  will  cause  an  RT 
to  become  busy,  thus  preventing  any  unnecessary 
busy  conditions. 

The  subsystem  flag  bit  is  provided  to  indicate  to 
the  active  bus  controller  that  a  subsystem  fault 
condition  exists  and  that  data  being  requested 
from  the  subsystem  may  be  invalid.  The  subsys- 
tem flag  may  beset  in  any  transmitted  status  word. 
If  more  than  one  subsystem  is  interfaced  to  the 
remote  terminal  the  subsystem  flag  is  the  ORed 
results  of  all  subsystems.  The  only  method  availa- 
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ble  in  1553B  to  determine  subsystem(s)  health  is 
via  a  normal  message.  The  use  of  the  subsystem 
flag  bit  requires  considerable  system  control  philo- 
sophy. If  upon  receiving  the  bit  set,  the  bus  con- 
troller is  to  do  anything  other  than  stop  all 
communication  with  the  terminal,  a  detailed  pro- 
tocol is  required. 

The  system  protocol  must  define  the  message 
(NOT  a  mode  code)  that  the  bus  controller  uses  to 
poll  the  subsystem  to  determine  the  reason  the  bit 
was  set.  This  polling  will  provide  system  applica- 
tion software  the  knowledge  to  determine  the 
availability  and  status  of  the  unit(s).  If  the  unit(s) 
are  usable,  the  subsystem  flag  bit  must  be  cleared 
so  that  troubleshooting  analysis  does  not  occur, 
until  another  failure  occurs.  This  can  be  accomp- 
lished using  additional  messages  or  upon  trans- 
mission of  the  first  message.  This  process  usually 
requires  several  transmissions  during  which  time 
the  remote  terminal  is  NOT  a  part  of  the  normal 
periodic  data  bus  traffic.  Obviously,  user  subsys- 
tems must  deal  with  this  temporary  or  permanent 
loss  of  this  data.  Mode  commands  can  not  be  used 
to  acquire  subsystem  built-in-test  results. 

The  next  bit  in  the  status  word  is  provided  to  indi- 
cate the  acceptance  of  the  bus  controller's  offer  to 
become  the  next  bus  controller.  The  offer  of  bus 
control  occurs  when  the  presently  active  bus  con- 
troller has  completed  its  established  message  list 
and  issues  a  dynamic  bus  control  mode  command 
to  the  remote  terminal  that  is  to  be  the  next  poten- 
tial controller.  To  accept  the  offer  the  potential  bus 
controller  sets  its  dynamic  bus  control  acceptance 
bit  in  the  status  word  and  transmits  the  status 
word.  The  establishment  of  who  the  next  potential 
controller  should  be  is  discussed  in  the  system 
design  section  (see  paragraph  3.2).  For  Air  Force 
applications,  Notice  2  prohibits  the  bus  controller 
from  issuing  a  dynamic  bus  mode  code,  therefore 
this  bit  would  always  be  set  to  zero. 

The  terminal  flag  bit  is  set  to  a  logic  one  to  indicate 
a  fault  within  the  remote  terminal.  This  bit  is  used 
in  conjunction  with  the  three  mode  code  com- 
mands; inhibit  T/F  flag,  override  inhibit  T/F  flag, 
and  transmit  BIT  word.  The  first  two  mode  code 
commands  deactivate  and  activate  the  functional 
operation  of  the  bit.  The  transmit  BIT  word  mode 
code  command  is  used  to  acquire  more  detailed 
information  about  the  terminal's  failure.  Most  MIL- 
STD-1553B  RT  chip  sets  provide  BIT  word 
responses  indicating  the  health  of  the  chip.  Notice 
2  requires  implementation  of  this  bit  within  the 
status  word  if  the  remote  terminal  is  capable  of  any 
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form  of  self  test  (including  what  may  be  performed 
internal  to  the  various  chip  sets  such  as  data  wrap- 
around and  data  comparisons). 

1.4.2  Mode  Codes 

The  basic  philosophy  of  the  information  transfer 
system  is  that  it  operates  as  a  transparent  com- 
munication link.  "Transparent"  means  that  an 
application's  function  does  not  need  to  be  involved 
with  the  management  of  communication.  Ob- 
viously, the  information  transfer  system  requires 
management  that  introduces  overhead  in  the  data 
bus  system.  The  command  words,  status  words, 
status  word  response  gaps,  and  intermessage 
gaps  are  the  overhead.  Within  the  command  word 
the  mode  codes  provide  data  bus  management 
capability.  The  mode  codes  (see  table  1-1.1)  have 
been  divided  into  two  groups;  mode  codes  without 


a  data  word  (00000-01 1 1 1 )  and  mode  codes  with  a 
data  word  (10000-11111).  The  use  of  bit  15  in  the 
command  word  to  identify  the  two  types  was  pro- 
vided to  aid  in  the  decoding  process.  Also,  the  use 
of  a  single  data  word  instead  of  multiple  data 
words  was  adopted  to  simplify  the  mode  circuitry. 
Generally,  with  these  two  types  of  mode  com- 
mands, all  data  bus  system  management  require- 
ments can  be  met.  Additional  overhead  is  required 
by  the  system  to  maintain  RT  health,  system  time 
control  (synchronization),  subaddress  message 
mapping,  aperiodic  message  control,  initializati- 
on/shutdown messages,  etc.  The  determination  of 
whether  the  command  word  contains  a  mode  code 
is  accomplished  by  decoding  the  subaddress- 
/mode  field  (bit  times  10-14).  This  field  being  either 
all  zero's  [00000]  or  all  one's  [11111]  indicates  that 
the  command  is  a  mode  code  and  that  the  word 
count/mode  code  field  (bit  times  15-19)  contain 


Table  1-1.1  Assigned  Mode  Codes 


Transmit- 

Broadcast 

receive 

Mode  code 

Function 

Associated 

command 

bit 

data  word 

allowed 

00000 

Dynamic  bus  control 

No 

No 

00001 

Synchronize 

No 

Yes 

00010 

Transmit  status  word 

No 

No 

00011 

Initiate  self-test 

No 

Yes 

00100 

Transmitter  shutdown 

No 

Yes 

00101 

Override  transmitter  shutdown 

No 

Yes 

00110 

Inhibit  terminal  flag  bit 

No 

Yes 

00111 

Override  inhibit  terminal  flag  bit 

No 

Yes 

01000 

Reset  remote  terminal 

No 

Yes 

01001 

Reserved 

No 

TBD 

01  tl  1 

Reserved 

t 

No 

TBD 

10000 

Transmit  vector  word 

Yes 

No 

10001 

Synchronize 

Yes 

Yes 

10010 

Transmit  last  command 

Yes 

No 

10011 

Transmit  bit  word 

Yes 

No 

10100 

Selected  transmitter  shutdown 

Yes 

Yes 

10101 

Override  selected  transmitter  shutdown 

Yes 

Yes 

1  or  0 
1  or  0 

10110 

11111 

Reserved 
Reserved 

Yes 
t 

Yes 

TBD 
» 

TBD 

Note:  TBD  —  to  be  determined. 
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the  mode  code  type.  Notice  2  requires  that  termi- 
nals must  decode  both  indicators  and  that  they 
must  not  convey  different  information.  (Some  ear- 
lier designs  had  used  the  [00000]  indicator  for  the 
terminal  hardware  and  the  [11111]  indicator  for 
subsystem  hardware). 

Notice  2  also  permits  the  broadcasting  of  mode 
codes.  While  this  can  reduce  bus  controller  over- 
head in  the  areas  of  frame  synchronization,  it  can 
have  adverse  effects  upon  the  system  if  inadvert- 
ently issued  (e.g.  broadcast  of  a  reset  mode  code). 
The  system's  designer  is  cautioned  to  research  the 
implications  of  the  use  of  the  broadcast  mode 
code  commands  before  implementation. 

There  is  no  particular  reason  for  the  numerical 
assignment  of  the  mode  codes,  except  for 
dynamic  bus  control  [00000],  which  was  pre- 
viously defined  in  1553A.  The  separation  of  mode 
commands  into  two  categories  (with  and  without 
data  words)  is  important  to  allow  for  controlled 
expansion  of  the  standard.  By  controlling  the 
mode  code  command  number  and  its  definition, 
commonality  between  various  terminals  can  be 
maintained.  All  undefined  [unused]  mode  codes 
are  considered  illegal  commands  (see  paragraph 
1.6.3  for  discussion  of  illegal  command  protocol). 
Notice  2  requires  that  all  remote  terminals  must 
implement  the  following  mode  codes  as  a  min- 
imum: a)  transmit  status  word,  b)  transmitter  shut- 
down, c)  override  transmitter  shutdown,  and  d) 
reset  remote  terminal.  The  bus  controller  must 
have  the  capability  of  implementing  all  mode  code 
commands.  The  message  formats  associated  with 
mode  commands  are  shown  in  figure  1-1.1. 

The  dynamic  bus  control  mode  code  [00000]  is 

provided  to  allow  the  active  bus  controller  a  mech- 
anism (using  the  information  transfer  system  mes- 
sage formats)  to  offer  a  potential  bus  controller 
(operating  as  a  remote  terminal)  control  of  the 
data  bus.  Only  the  single  receiver  command  (uni- 
que address)  is  allowed  to  be  issued  by  the  active 
bus  controller.  The  response  to  this  offering  of  the 
bus  controller  is  provided  by  the  receiving  remote 
terminal,  using  the  dynamic  bus  control  accep- 
tance bit  in  the  status  word.  Rejection  of  this 
request  by  the  remote  terminal  requires  that  the 
presently  active  bus  controller  must  continue 
offering  control  to  other  potential  controllers,  the 
same  controller,  or  remain  in  control.  When  a 
remote  terminal  accepts  control  of  the  data  bus 
system  by  setting  the  dynamic  bus  control  accep- 
tance bit  in  the  status  word,  control  is  relinquished 
by  the  presently  active  bus  controller  and  the 
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potential  bus  controller  can  then  begin  bus  con- 
trol. Note  that  Notice  2  prohibits  the  bus  controller 
from  ever  issuing  this  mode  command  for  Air 
Force  applications. 

Two  mode  codes  are  used  to  synchronize  the  data 
bus  system;  synchronize  without  a  data  word  and 
synchronize  with  a  data  word.  Synchronization 
informs  the  terminal(s)  of  an  event  time,  to  allow 
coordination  between  the  active  bus  controller 
and  terminals.  Synchronization  information  may 
be  implicit  in  the  command  word  [mode  code 
00001]  or  in  the  data  word  [mode  code  10001] 
following  the  command  word.  If  a  data  word  is 
used,  the  definition  of  the  bits  are  the  responsibil- 
ity of  the  system  designer  and  may  contain  system 
information  such  as  timing  data,  data  mapping 
pointers,  etc.  Paragraph  3.6  provides  a  system  dis- 
cussion of  the  use  of  the  synchronize  with  data 
word  mode  code  for  remote  terminal  synchroniza- 
tion and  subaddress  mapping  within  a  remote  ter- 
minal for  both  periodic,  aperiodic,  and  time  critical 
messages. 

The  status  word  associated  with  the  transmit  sta- 
tus word  mode  code  [00010]  is  identical  in  format 
to  the  status  word  transmitted  with  every  error  free 
message.  However,  this  is  one  of  two  mode  codes, 
which  do  not  change  the  state  of  the  status  word. 
Therefore,  the  status  word  returned  with  this  mode 
code  represents  the  status  word  of  the  previous 
message  NOT  the  status  of  the  mode  code  mes- 
sage. Paragraph  5.2  provides  a  discussion  on  the 
affects  of  back  to  back  transmission  of  this  mode 
code.  This  mode  code  gives  the  bus  controller  the 
ability  to  analyze  problems  associated  with  the 
previous  message.  Using  this  approach,  a  bus  con- 
troller can  organize  the  communication  with  a  ter- 
minal to  obtain  error  analysis  data. 

The  initiate  self-test  mode  command  [00011]  is 

provided  to  initiate  built-in-test  (BIT)  circuitry 
within  a  remote  terminal.  The  mode  code  is  usually 
followed,  after  sufficient  time  for  test  completion, 
by  a  transmit  BIT  word  mode  command  [10011] 
yielding  the  results  of  the  test.  Notice  2  specifies 
that  the  RT  receiving  this  mode  code  must  com- 
plete its  test  and  have  the  results  ready  within  100 
milliseconds.  The  purpose  of  establishing  an 
upper  limit  to  the  amount  of  time  required  to  per- 
form a  reset  is  that  the  bus  controller,  with  this 
prior  knowledge,  is  aware  of  the  maximum  amount 
of  time  that  the  controller  will  be  "off-line"  or  busy, 
and  may  cease  further  communications  with  this 
terminal  until  such  time  has  elapsed.  This  prevents 
the  bus  controller's  software  from  continuously 
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message  formats  provided  for  the  initiate  self-test 
mode  command  allow  for  both  individual  requests 
and  multiple  requests  (broadcast).  Notice  that  the 
initiate  self-test  mode  command  is  associated  with 
the  1553  multiplex  hardware  only  and  NOT  with 
the  interfacing  subsystem.  Paragraph  5.2  dis- 
cusses the  problem  of  separating  subsystem  self 
test  and  health  status  messages  from  RT  tests  in 
terminals  with  embedded  RTs. 

The  transmit  BIT  word  mode  command  [10011] 
provides  the  BIT  results  available  from  a  terminal, 

as  well  as  the  status  word.  Typical  BIT  word  infor- 
mation for  both  embedded  and  stand-alone 
remote  terminals  include  encoder-decoder  fail- 
ures, analog  transmitter/receiver  failures,  terminal 
control  circuitry  failures,  power  failure,  subsystem 
interface  failures,  and  protocol  errors  (e.g.,  parity, 
Manchester,  word  count,  status  word  errors,  and 
status  word  exceptions).  The  internal  contents  of 
the  BIT  data  word  are  provided  to  supplement  the 
appropriate  bits  already  available  via  the  status 
word.  Notice  that  the  transmit  BIT  word  within  the 
remote  terminal  "...  shall  not  be  altered  by  the 
reception  of  a  transmit  last  command  or  transmit 
status  word  mode  code"  received  by  the  terminal. 
This  allows  error  handling  and  recovery  proce- 
dures to  be  used  without  changing  the  error  data 
recorded  in  this  word.  However,  the  RT  will  only 
save  the  last  command  and  the  status  code  field  [of 
the  status  word]  if  the  mode  code  transmit  last 
command  or  transmit  status  word  are  transmitted. 
Broadcasting  of  this  command  by  the  bus  con- 
roller  is  not  allowed.  Another  point  which  needs  to 
be  mentioned  again  is  that  the  function  of  transmit- 
ting RT  BIT  data  "...  shall  not  be  used  to  convey 
BIT  data  from  the  associated  subsystem[s]."  See 
discussion  on  subsystem  flag  bit  in  paragraph 
1.4.1. 

Four  mode  code  commands  are  provided  to  con- 
trol the  transmitters  associated  with  terminals  in  a 
system.  These  commands  can  be  sent  to  a  single 
receiver  or  broadcasted  to  multiple  users.  The 
transmitter  shutdown  mode  code  [00100]  is  used 
in  a  dual-redundant  bus  structure,  where  the  com- 
mand causes  the  transmitter  associated  with  the 
other  bus  to  terminate  transmissions.  No  data 
word  is  required  for  this  mode  command.  The 
override  transmitter  shutdown  mode  code  [00101] 
is  used  in  a  dual-redundant  bus  structure  where  a 
previously  disabled  transmitter  is  enabled.  No  data 
word  is  provided  for  this  mode  code.  The  selected 
transmitter  shutdown  mode  code  [10100]  is  used 
in  a  multiple  (greater  than  two)  redundant  bus 


transmitter  to  terminate  transmissions  on  its  bus.  A 
data  word  is  used  to  identify  the  selected  data  bus. 
The  override  selected  transmitter  shutdown  mode 
code  [10101]  is  used  in  a  multiple  (greater  than 
two)  redundant  bus  structure  where  the  command 
allows  the  selected  transmitter  to  transmit  on  its 
bus  when  commanded.  The  format  of  the  data 
word  associated  with  these  two  mode  commands 
is  NOT  controlled  by  the  standard  and  must  be 
defined  by  the  systems  designer.  Another  method 
of  overriding  the  transmitter  shutdown  mode 
codes  [00100  and  10100]  is  to  issue  a  reset  mode 
code  to  the  terminal. 

Note  that  the  standard  or  Notice  2  does  not  imply 
that  issuance  of  either  the  transmitter  shutdown  or 
the  selected  transmitter  shutdown  mode  codes 
will  cause  the  associated  receiver  to  also  be  shut- 
down. If  the  receiver  does  not  "shutdown",  then 
the  system's  designer  should  be  aware  that  the 
terminal  may  still  be  receiving  and  processing  data 
(on  the  shutdown  bus).  Therefore,  the  bus  con- 
troller should  remove  the  terminal  from  the  active 
periodic  communications  list. 

The  inhibit  terminal  flag  mode  code  [00110]  is  used 
to  set  the  terminal  flag  bit  to  zero  in  the  status 
word.  When  issued,  the  status  word  indicates  an 
UNFAILED  condition  regardless  of  the  actual  fail- 
ure state  of  the  terminal.  This  mode  code  is  primar- 
ily used  to  prevent  continued  interrupts  and  error 
handling  analysis  when  the  failure  has  been  noted 
and  the  system  reconfigured  as  required.  Com- 
manding this  mode  code  prevents  further  failures 
from  being  reported,  which  normally  would  be 
reported  using  the  terminal  flag  in  each  subse- 
quent status  word  response.  The  message  format 
associated  with  this  mode  code  allows  for  both 
single  and  multiple  receivers  to  be  commanded. 
No  data  word  is  required  with  this  mode  code. 
Note  that  the  terminal  flag,  which  is  used  to  indi- 
cate an  RT  fault  condition  is  limited  to  the  remote 
terminal  NOT  any  subsystem  faults.  (See  the  pre- 
vious discussion  on  initiate  self  test  and  transmit 
BIT  word  mode  codes.) 

The  override  inhibit  terminal  flag  mode  command 
[00110]  negates  the  inhibit  function  thus  allowing 
the  T/F  flag  bit  in  the  status  response  to  report  the 
present  condition  of  the  terminal.  This  mode  code 
can  be  transmitted  by  the  active  bus  controller  to 
both  single  and  multiple  receivers.  There  is  no  data 
word  associated  with  this  mode  code.  This  mode 
code  could  be  used  to  analyze  all  the  faults  that 
exist  in  aremote  terminal,  sincethe  inhibit  terminal 
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since  its  implementation. 

The  reset  remote  terminal  mode  code  [01000] 

causes  the  addressed  terminal (s)  to  reset  them- 
selves to  a  power-on  initialized  state.  This  mode 
code  may  be  transmitted  to  an  individual  remote 
terminal  or  to  multiple  remote  terminals  (broad- 
cast). Notice  2  requires  that  all  terminals  receiving 
this  command  shall  complete  their  reset  function 
within  5  milliseconds  following  the  transmission  of 
their  status  word  (non-broadcast  message).  This 
mode  code  provides  a  means  to  "start-over"  at  a 
known  point.  It  may  be  the  last  thing  the  error 
handling  software  tries  before  giving  up  on  a 
terminal. 

The  transmit  vector  word  mode  code  [10000]  is 

associated  with  the  service  request  bit  in  the  status 
word  and  is  used  to  determine  specific  service 
being  required  by  the  terminal.  The  service 
request  bit  and  the  transmit  vector  word  mode 
command  provide  the  only  means  available  for  the 
terminal  to  request  the  scheduling  of  an  asynchro- 
nous message,  if  more  than  one  service  request 
exists  per  terminal.  If  a  remote  terminal  contains 
only  a  single  service  request,  the  bus  controller 
may  be  "smart  enough"  to  perform  the  request 
without  the  transmit  vector  mode  code  data  word 
to  point  to  the  location  of  the  commands  within  the 
bus  controller  to  perform  the  service.  The  message 
format  for  this  single  receiver  operation  contains  a 
data  word  associated  with  the  terminal's  response. 
Figure  1-1.4  illustrates  the  message  formats  asso- 
ciated with  this  mode  command.  Since  a  service 
request  is  handled  at  the  convenience  of  the  bus 
controller  and  NOT  the  remote  terminal's,  a  remote 
terminal  design  feature  is  required  to  queue  multi- 
ple service  requests  until  they  can  be  serviced  by 
the  bus  controller.  The  transmission  of  the  trans- 
mit vector  word  mode  code  by  the  bus  controller 
does  not  necessarily  release  the  remote  terminal 
to  set  the  service  request  bit  for  a  new  request. 
There  are  several  methods  that  can  be  used  to 
resolve  this  handshake  problem.  Whatever  the 
solution  chosen  by  the  systems  designer,  it  should 
be  applied  to  all  terminals  in  the  system.  Thus,  it's  a 
system  design  issue  which  should  be  addressed  in 
the  multiplex  system  specification.  Solutions  that 
are  acceptable  to  most  designers  are;  after  trans- 
mission of  the  transmit  vector  word  code  allow 
new  service  request  codes,  and  use  of  the  syn- 
chronize without  data  word  mode  code  command 
to  release  the  RT  to  set  a  new  service  request. 
However,  the  first  method  has  the  potential  of  los- 
ing a  critical  request  if  the  transmit  vector  word  is 


counter  this  problem,  previous  designs  have  used 
the  second  method  to  release  the  service  request 
queue.  The  transmission  of  the  synchronize  with- 
out data  word  mode  code  after  proper  receipt  of 
the  transmit  vector  mode  code  frees  the  terminal's 
service  request  bit  at  the  expense  of  an  extra 
transmission. 

The  transmit  last  command  [10010]  is  used  in  the 
error  handling  and  recovery  process  to  determine 
the  last  valid  command  received  by  the  terminal, 
except  for  this  mode  code.  The  message  format 
contains  the  previous  status  word  and  a  data  word. 
The  data  word  contains  the  previous  16  bits  of  the 
last  valid  command  word  received.  Notice  that  this 
mode  command  will  not  alter  the  state  of  the 
receiving  terminal's  status  word.  This  fact  allows 
this  mode  command  to  be  used  in  error  handling 
and  recovery  operations  without  affecting  the  sta- 
tus word,  which  could  contain  added  error  infor- 
mation. Some  hardware  is  designed  such  that  both 
the  last  command  word  and  the  status  word  are 
made  available  to  the  error  handling  software 
when  the  transmit  last  command  mode  code  is 
received  by  the  bus  controller. 

Each  of  the  mode  code  types  (with  and  without 
data  words)  have  several  unused  mode  codes  that 
are  reserved  for  future  use  and  cannot  be  used 
without  the  permission  of  the  Office  of  Prime 
Responsibility  (OPR)  which  is  the  USAF.  See  para- 
graph 1.6.3  for  a  discussion  of  illegal  command 
protocol,  that  could  be  used  if  a  remote  terminal 
received  a  reserved  mode  code. 

1.5  Data  Bus  Network  Considerations 

One  of  the  most  significant  considerations  facing 
the  data  bus  system  designer  and  integrator  is  the 
definition  of  the  data  bus  network.  The  bus  net- 
work must  be  designed  for  signal  integrity  to 
achieve  the  bit  error  and  word  error  rate  perfor- 
mance required  by  the  standard.  In  addition,  fault 
isolation  and  redundancy  must  be  considered  to 
allow  the  design  to  meet  the  required  system  relia- 
bility. It  is  important  to  note  that  one  of  the  reasons 
for  the  requirements  of  dual  redundant  standby 
systems  is  system  survival  in  case  of  battle  damage 
to  the  communications  media.  The  physical  layout 
of  the  media,  including  the  separation  of  cabling, 
location  of  couplers,  length  of  stubs,  and  the  con- 
nection of  the  media  to  the  terminals  are  of  impor- 
tance not  only  from  a  maintainability  point  of  view, 
but  also  regarding  system  operation,  survivability, 
fault  isolation,  and  systems  security.  Thefollowing 
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Source:  single  receiver 


Source:  bus  controller 
Address:  unique  address  of 

S/R  status  response 
Subaddress:  unique  address  of  service  vector 
information 

T/R:  transmit 


Asynchronous 
information 
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MASTER 
CONTROLLER 
RETURNS  TO 
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♦Service  request  bit  can  be  set  for  transmittal  in  any  status  response 
(all  control  and  data  message  formats) 
*  Response  time  delay  or  gap 
n  End  of  message  delay  or  gap 


Figure  1-1.4  Transmit  Vector  Word  Transfer  Format 
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discussion  provides  a  summary  of  MIL-STD- 
1553B  requirements  that  have  significant  effects 
on  the  design. 

1.5.1  MIL-STD-1553B  Bus  Network  Requirements 

Table  1-1.2  is  a  summary  listing  of  the  data  bus 


coupling  requirements  contained  in  1553B.  The 
characteristics  of  the  twisted-shielded  pair  cable 
have  been  relaxed  from  1553A  to  allow  selection  of 
cable  types  from  a  variety  of  manufacturers.  It  has 
been  shown  that  minor  variations  from  the  speci- 
fied cable  characteristics  do  not  significantly 
affect  the  system  performance.  Today  it  is  possible 


Table  1-1 .2  Summary  of  Data  Bus  and  Coupling  Requirements 


Parameter 

MIL-STD-1553B 

Transmission  line 

Cable  type 

Twisted-shielded  pair 

Capacitance  (wire  to  wire) 

30  pF/ft,  maximum 

TvA/ict 
1  WloL 

ir  nor  fr»/-»t  ff\  fi/i/\r\\    minimi  im 

ruui  [Jcr  iuui           i\\ ) ,  iTiiriirTium 

Characteristic  impedance 
Attenuation 

70  to  85  ohms  at  1.0  MHz 

1.5  dB/100  ft  at  1.0  MHz,  maximum 

Length  of  main  bus 

Not  specified 

Termination 
Shielding 

Two  ends  terminated  in  resistors  equal  to 
Zo  ±  2% 

75%  coverage  minimum 

Cable  coupling 
Stub  definition 

Short  stub  <  1  ft 

Long  stub  >  1  to  20  feet 

(may  be  exceeded) 

Coupler  requirement 

Direct  coupled  —  short  stub;  transformer 
coupled  —  long  stub  (ref.  fig.  1-1.7) 

Coupler  transformer 
Turns  ratio 
Input  impedance 
Droop 

Overshoot  and  ringing 

Common  mode  rejection 
Fault  protection 

1:1.41 

3,000  ohms,  minimum  (75  kHz  to  1.0  MHz) 
20%  maximum  (250  kHz) 
±  1.0V  peak  (250-kHz. square  wave  with 
100-ns  maximum  rise  and  fall  time) 
45.0  dB  at  1.0  MHz 

Resistor  in  series  with  each  connection 
equal  to  (0.75  Zo)  ±  2.0%  ohms 

Stub  voltage 

1.0V  to  14.0V  p-p,  l-l,  minimum  signal 
voltage  (transformer  coupled);  1.4V  to 
20.0V,  p-p,  l-l,  minimum  signal  voltage 
(direct  coupled) 

1-13 


—  — —  3..  ^  /  -a  ......  — .~ —  ..  — 

facturers  which  meet  all  the  requirements  of  the 
standard.  Notice  2  tightens  the  shielding  require- 
ments to  90.0  percent  coverage  for  the  cable  and 
360  degree  shielding  with  75.0  percent  coverage 
for  connector  junctions,  cable  terminations,  and 
bus-stub  junctions. 

A  great  deal  of  concern  is  attributed  to  the  cable 
network  requirements  including;  bus  length,  cou- 
pling and  stubbing.  MIL-STD-1553B  does  not 
specify  a  maximum  main  bus  length,  because  the 
cable  length,  number  of  terminals  and  length  of 
stubs  are  all  subject  to  trade-offs  and  must  be 
considered  in  the  design  for  reliable  system  ope- 
raiton.  To  help  understand  these  problems  a  gen- 
eralized multiplex  bus  network  configuration  is 
shown  in  figure  1-1.5.  The  main  bus  is  terminated  at 
each  end  of  the  cable  with  the  characteristic  impe- 
dance to  minimize  reflections  caused  by  transmis- 
sion line  mismatch.  With  no  stubs  attached,  the 
main  bus  looks  like  an  infinite  length  transmission 
line  with  no  disturbing  reflections.  When  the  stubs 
are  added  to  connect  terminals  the  bus  is  loaded 
locally  and  a  mismatch  occurs  which  can  result  in 
reflections.  The  degree  of  mismatch  and  resulting 
signal  distortion  is  a  function  of  theabsolute  impe- 
dance [Z]  presented  by  the  stub  and  terminal 
impedance.  To  minimize  signal  distortion  it  is 
desirable  to  maintain  a  high  stub  reflected  impe- 
dance into  the  main  bus.  At  the  same  time  the 
impedance  needs  to  be  low  so  that  adequate  signal 
power  will  be  delivered  to  the  receiver.  A  trade-off 
and  compromise  between  these  conflicting  re- 
quirements is  necessary  to  achieve  the  specified 
signal-to-noise  ration  and  system  error  rate  perfor- 
mance. In  addition  to  these  trade-offs,  careful  con- 
sideration must  be  made  in  the  determination  of 
the  type  of  connector  used  to  connect  the  terminal 
to  the  bus.  This  consideration  should  include  the 
required  integrity,  isolation,  and  shielding  (Notice 


imum  of  75%  coverage  from  the  cable  to  the  con- 
nector). Other  issues  which  need  to  be  addressed 
include  the  location  and  type  of  connector  (con- 
centric, twinax,  etc.),  and  if  the  data  bus  connec- 
tors will  be  stand-alone  or  included  with  other 
signals  in  a  multi-contact  connector.  As  a  min- 
imum, the  two  buses  (A  and  B)  should  be  brought 
into  the  terminal  via  separate  connectors  for  isola- 
tion purposes. 

Two  methods  for  coupling  a  terminal  to  the  main 
bus  are  defined  in  1553B,  transformer  coupling 
and  direct  coupling  (see  figure  1-1.6).  Transformer 
coupling  is  usually  used  with  long  stubs  (1  to  20ft.) 
and  requires  a  coupler  box  or  in-line  molded 
coupler,  separate  from  the  terminal,  located  at  the 
junction  of  the  main  bus  and  stub.  Direct  coupling 
is  usually  limited  to  stubs  of  less  than  1  ft.  In  trans- 
former isolated  stubs,  fault  isolation  resistors  are 
included  to  provide  protection  for  the  main  bus  in 
case  of  a  short  circuit  in  the  stub  or  terminal.  The 
transformer  characteristics  defined  in  1553B  and 
listed  in  table  1-1.2  provides  a  compromise  for  the 
signal  level  and  distortion  characteristics  deli- 
vered to  the  terminals.  The  transformer  turns  ratio 
(1:1.41)  provides  beneficial  impedance  transfor- 
mations for  both  terminal  reception  and  transmis- 
sion. Notice  2  states  that  for  Navy  applications, 
terminals  shall  have  both  transformers  and  direct 
coupled  stubs  available,  whereas  for  Army  and  Air 
Force  applications,  only  transformer  coupled 
stubs  are  required. 

1.5.2  Data  Bus  Network  Analysis 

A  plot  of  the  calculated  first-order-magnitude  stub 
absolute  impedance  [Z]  versus  stub  length  is  pres- 
ented in  figure  1-1.7.  As  indicated,  the  improve- 
ment of  stub  load  impedance  is  a  result  of 
impedance  transformation  that  is  proportional  to 
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Figure  1-1.5  Data  Bus  Network 
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the  square  of  the  turns  ratio,  assuming  an  ideal 
transformer.  The  band  of  curves  for  the  trans- 
former-coupled case  indicated  by  the  darkened 
area  between  the  curves  results  from  assuming 
various  values  of  transformer  shunt  impedance. 
The  lower  band  is  the  curve  using  a  transformer 
with  the  minimum  impedance  specified  in  1553B. 
The  upper  bound  is  for  an  ideal  transformer  with 
very  high  impedance.  All  values  of  stub  impedance 
are  magnitude  values  for  a  70-ohm  cable  with  30 
pF/ft  capacitance  and  are  calculated  for  1,000 
ohms  terminal  input  impedance,  with  the  excep- 
tion of  the  upper  direct-coupled  curve.  This  curve 
is  based  on  the  1553B  specified  terminal  input 
impedance  of  2,000  ohms.  It  can  be  seen  from 
these  curves  that  stub  impedance  values  are 
increased  generally  by  use  of  the  transformer, 
which  provides  at  least  a  2  to  1  improvement  for  the 
longer  (greater  than  10  ft.)  stubs.  The  curves  also 
show  the  importance  of  the  transformer  character- 
istics for  maintaining  the  expected  improvement. 

As  indicated  above,  the  1:1.41  transformer  also 
provides  ideal  termination  of  the  stub  for  transmis- 
sion of  signals  from  the  terminal  to  the  main  bus. 
Impedance  at  the  main  bus  is: 


Zb  -  — 


+  2R 


where, 


R  =  0.75  Z0 
0.5  Z0  +  1.5  Z0  =  2  Z0  ohms 


and  ZR  is  the  reflected  impedance  from  the  bus  to 
the  stub.  Therefore,  the  transformer  impedance 
transformation  is: 


ZR 


2ZC 


(1.41)= 


=  Z0 


Zo  is  the  characteristic  impedance  of  the  data  bus 


Therefore,  the  coupling  transformer  specified  in 
1553B  provides  the  characteristics  desired  for 
reducing  reflections  and  maintaining  signal  levels 
for  systems  where  long  stubs  are  required. 

Direct  coupling  can  be  used  for  stub  connections 
of  3  ft  or  less  if  terminal  input  impedance  is  main- 
tained at  the  specified  value. 

Many  configurations  can  be  built  reliably  if  careful 
attention  is  paid  to  the  number,  length  and  location 
of  the  stubs  on  the  main  bus.  It  is  highly  desirable 
to  test  a  proposed  network  using  a  computer  simu- 
lation and  a  laboratory  test  setup.  The  computer- 
generated  data  bus  simulation  provides  more 
flexibility  during  the  early  design  stages.  The 
laboratory  mockup  with  proper  lengths  of  main 
bus  and  stubs  is  the  final  test  of  a  good  design. 


1.6  The  Most  Frequently  Asked  Questions 
Concerning  MIL- STD -1553 

In  an  effort  to  help  designers  understand  MIL- 
STD-1553,  this  section  discusses  some  of  the 
more  frequently  misunderstood  portions  of  1553 
systems.  Since  1553  is  a  standard  and  notaspecifi- 
cation,  it  establishes  requirements,  which  are 
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•  Terminal  input  impedance  (Zi):  1,000  ohms,  except  where  noted 

•  Coupler  transformer:  1:1.41  turns  ratio 

•  Isolation  resistors:  52.5  ohms 

•  Cable  capacitance:  30  pF/ft 
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Figure  1-1.7  Stub  Impedance  Versus  Length 


often  hard  to  understand,  and  since  the  standard 
does  not  provide  application  guidance,  questions 
arise.  In  order  to  solve  this  problem,  the  military 
has  developed  the  "MIL-HDBK-1553  Multiplex 
Applications  Handbook"  to  help  convey  the  mean- 
ing of  the  standard  and  some  lessons  learned.  In 
addition,  industry  and  the  government  have  jointly 
prepared  a  series  of  test  plans  which  help  clear  up 
interpretations  of  the  standard  by  defining  how  a 
test  will  be  performed  and  the  expected  results. 
This  designer's  guide  has  been  prepared  to  high- 
light some  of  the  significant  aspects  for  the 
designer. 


1.6.1  When  to  Transmit  a  Status  Word  [1553B 
paragraph  4.4.3.3  and  4.4.3.4] 

The  MIL-STD-1553  status  word  is  a  vital  part  of 
achieving  the  command/response  protocol.  The 
transmission  of  a  status  word  by  a  remote  terminal 
indicates  to  the  bus  controller  that  the  previous 


command  or  command  and  data  was  received 
without  error.  The  suppression  of  the  status  word 
(status  word  not  transmitted  after  reception  of  a 
command  word)  is  used  to  indicate  a  message 
error  exists  if  the  message  was  NOT  a  broadcast 
message.  Broadcast  message  formats  require  the 
status  word  to  be  suppressed  to  prevent  a  bus 
crash  (multiple  terminals  transmitting  simultane- 
ously). Therefore,  status  words  will  always  be 
transmitted  for  all  error  free,  non-broadcast  mes- 
sages. Several  types  of  errors  can  exist: 

(1)  If  a  command  word  contains  an  error,  the  ter- 
minal rejects  the  message  and  resets,  and  starts 
"looking"  for  a  new  valid  command  word  with  its 
unique  termial  address  or  the  broadcast  address. 
No  status  word  transmission  should  occur. 

(2)  If  a  command  word  requests  data  from  a  sub- 
address,  which  is  not  operational  for  this  terminal, 
the  standard  calls  this  failure  an  "illegal  com- 
mand". Two  options  are  available  to  the  terminal 
designers;  a)  respond  with  the  normal  message 
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protocol  required  by  the  standard  with  data  from  a 
fixed  location  containing  "don't  care"  data  words, 
or  b)  design  into  the  terminal  the  capability  to 
recognize  the  failure  and  set  the  message  error  bit 
in  the  status  word  and  transmit  the  status  word 
only.  This  is  the  only  time  when  the  staus  word  will 
ever  be  transmitted  with  the  message  error  bit  set 
as  a  response  to  a  non-mode  code  (normal)  mes- 
sage. If  the  remote  terminal  design  selects  method 
a)  above,  usually  a  common  area  of  32  data  words 
is  set  aside  and  all  unused  subaddress  transmit 
messages  are  retrieved  from  there  and  all  unused 
subaddress  receive  messages  are  deposited  there. 
This  technique  is  called  "responding  in  form". 
Thus,  a  garbage-in/garbage-out  buffer  is  provided 
for  all  unused  subaddresses,  which  are  NOT  to  be 
transmitted  by  or  requested  by  the  bus  controller 
in  the  first  place.  The  standard  also  identifies  ille- 
gal commands  as  incorrect  T/R  bit  setting  and  a 
word  count  that  is  not  allowed  in  the  terminal. 
Since  the  standard  allows  the  designer  the  choice 
of  implementing  this  analysis  or  not,  most 
designers  ignore  monitoring  for  illegal  commands 
(use  method  a)  above  rather  than  implement  the 
analysis.  These  designers  depend  on  the  bus  con- 
troller NOT  transmitting  illegal  commands  see 
paragraph  1.6.3  also).  SEAFAC  testing  is  normally 
done  to  the  above  b)  option. 

(3)  If  the  command  word  is  a  broadcast  address 
31,  the  terminal  analyzes  the  message,  sets  the 
proper  bits  in  the  status  word  and  then  suppresses 
the  transmission  of  the  status  word. 

(4)  If  the  command  word  is  correct  and  the  mes- 
sage contains  an  error  then,  the  data  is  rejected, 
the  message  error  bit  is  set  in  the  status  word  and 
the  status  word  is  suppressed. 

Therefore,  the  suppression  of  the  status  word  is 
used  to  indicate  a  broadcast  message  or  an  error 
condition. 

1.6.2  Superseding  Valid  Commands  [1553B 
paragraph  4.4.3.2]  and  Reset  Data  Bus 
Transmitter  [1553B  paragraph  4.6.3.2] 

The  superseding  valid  command  requirement  in 
MIL-STD-1553B  allows  communication  with  a 
remote  terminal  that  is  presently  working  on  a 
command.  To  better  understand  this  requirement 
the  data  bus  system  redundancy  needs  to  be  con- 
sidered. Both  a  single  bus  system  and  a  dual 
standby  redundant  bus  system  (1553B  paragraph 
4.6.3)  will  be  discussed. 

MIL-STD-1553B  states  that  a  superseding  com- 
mand can  not  occur  before  time  "T"  (the  response 


time  between  command  and  status  words- 
maximum  12  microseconds).  In  any  bus  system, 
an  error  condition  exists  if  there  is  no  response  in 
time  "T". 

Communications  can,  therefore,  be  re-established 
with  the  remote  terminal,  if  operational,  by  trans- 
mitting another  command  on  the  data  bus  that  the 
previous  command  occurred  on  or  any  other  data 
bus  the  terminal  is  connected  to.  Using  the  super- 
seding valid  command  requirement,  the  remote 
terminal  is  required  to  respond  to  the  new  com- 
mand, hopefully  resolving  the  non-response  to  the 
previous  command.  This  new  command  can  be  a 
normal  message  format  or  a  mode  code  com- 
mand. 

In  dual  standby  redundant  systems,  the  "Reset 
Data  Bus  Transmitter"  is  a  specific  paragraph  of 
1553B  (4.6.3.2)  which  provides  specific  require- 
ments .  .  .  "If  while  operating  on  a  command,  a 
terminal  receives  another  valid  command,  from 
either  data  bus,  it  shall  reset  and  respond  to  the 

new  command  "  Since  another  bus  is  available 

to  the  bus  controller  (i.e.,  thestandbybus),thebus 
controller  can  transmit  a  new  command  to  the 
remote  terminal  using  the  other  bus.  This  allows 
the  bus  controller  to  identify  messages  containing 
a  data  word  error,  for  example,  to  be  retried  on  the 
alternate  bus  before  the  message  is  completed  on 
the  previous  bus.  It  also  allows  the  approach  dis- 
cussed in  the  paragraph  above  for  any  bus  system 
to  be  used  on  either  the  active  or  standby  bus  to 
hopefully  resolve  the  condition  of  a  non- 
responding  (silent)  terminal.  Therefore,  supersed- 
ing commands  and  reset  data  bus  transmitters 
provide  an  effective  means  of  recovery.  This  error 
management  (e.g.  retrying  or  resolving  a  no 
response)  can  be  initiated  rapidly,  thus  reducing 
bus  down  time  (bus  inefficiency). 

1.6.3  Illegal  Command  [1553B  paragraph  4.4.3.4] 

As  discussed  in  paragraph  1.6.1,  concerning  sta- 
tus word  transmissions,  illegal  commands  occur 
when;  1)  an  error  exists  in  the  T/R  bit;  2)  thesubad- 
dress/mode  code  field  is  an  unused  subaddress;  or 
3)  an  unimplemented  mode  code  is  transmitted. 
The  command  word  that  contains  an  illegal  condi- 
tion must  first  meet  all  1553B  word  validation 
requirements  (1553B  paragraph  4.4.1.1)  before  its 
illegal  nature  can  be  established.  If  the  command 
word  does  not  meet  these  requirements,  the 
remote  terminal  ignores  the  command.  If  the  com- 
mand word  is  correct,  but  has  an  illegal  condition, 
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the  standard  allows  the  designers  two  options: 
provide  NO  unique  capability  in  the  remote  termi- 
nal to  recognize  the  condition  and  respond  nor- 
mally as  if  there  was  NOT  an  illegal  command,  and 
respond  with  the  message  error  bit  set  in  the  status 
word.  The  first  approach  is  often  referred  to  as 
"responding  in  form".  This  means  that  the  remote 
terminal  uses  the  normal  message  protocol 
response  (figure  6  and  7  of  1553B)  and  the  receiv- 
ing device  (bus  controlleror  remote  terminal  for  an 
RT-RT  message)  will  obtain  "garbage"  data.  The 
second  approach  requires  some  analysis  on  the 
part  of  the  remote  terminal,  but  the  response  is 
straight  forward.  A  message  error  has  occurred 
and  data  should  NOT  be  used.  The  message  error 
alerts  the  bus  controller  of  the  problem.  However, 
this  is  a  system  designer's  problem  which  can  not 
be  solved  by  the  bus  controller.  So  reporting  it 
helps  no  one.  Not  using  the  data  or  having  the  data 
cause  a  remote  terminal  problem  is  the  key.  This 
must  be  solved  regardless  of  the  selection  of  the 
option  to  respond  with  a  staus  word  or  respond  in 
form  as  if  no  illegal  command  occurred.  To  under- 
stand how  this  command  can  cause  remote  termi- 
nal data  problems  each  illegal  command  will  be 
examined. 

(1)  The  impact  of  receiving  a  transmit/receive 
(T/R)  bit  set  to  the  inverse  of  data  flow  can  cause 
internal  confusion  and  errors  within  the  remote 
terminal  or  the  system.  If  the  T/R  bit  indicates  the 
terminal  is  to  transmit  data,  but  the  bus  controller 
sends  data  to  the  terminal,  a  problem  exists.  The 
remote  terminal  will  recognize  that  data  words  are 
coming  and  the  T/R  is  set  to  transmit  and  will  NOT 
transmit.  However,  the  remote  terminal  must  now 
deal  with  the  incoming  data  words.  Most  terminal 
designs  without  illegal  command  detection  hard- 
ware will  still  map  the  data  to  a  designated  memory 
location.  This  must  be  considered  when  mapping 
data  into  and  out  of  memory.  If  detection  hardware 
is  available,  the  status  word  message  error  bit  will 
be  set  and  the  status  word  transmitted.  When  the 
inverted  T/R  bit  says  receive  data  and  no  data 
follows  the  command  word,  a  real  message  error 
exists  -  too  few  words  and  the  message  error  bit 
will  be  set  in  the  status  word  and  its  transmission 
will  depnd  on  if  the  detection  circuitry  is  present.  If 
not,  the  status  word  will  be  suppressed. 

(2)  The  reception  of  a  message  to  an  unused  sub- 
address  can  cause  internal  remote  terminal  prob- 
lems. Most  remote  terminals  are  designed  to  use 
mapping  schemes,  which  map  messages  to 
memory  using  the  T/R  bit  and  the  subaddress. 
Therefore,  an  illegal  command  could  cause  data  to 
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be  written  into  areas  of  memory  used  for  other 
functions.  In  the  same  way,  improper  data  can  be 
transmitted  on  the  data  bus  by  a  remote  terminal 
using  an  illegal  command  from  an  unused  subad- 
dress. This  information  could  be  anything  and  if 
used  by  a  source  could  cause  unknown  re- 
sponses. Therefore,  as  a  minimum  the  designer 
should  map  all  unused  transmit  and  receive  subad- 
dresses  to  a  common  32  word  buffer  that  could  be 
set  to  all  zeros  at  initialization.  Therefore,  the  first 
transmission  of  an  unused  subaddess  should  not 
affect  anyone.  After  that  if  both  receive  and  trans- 
mit commands  arrive  for  unused  subaddresses, 
the  system  could  have  problems.  Obviously,  addi- 
tional memory  space  can  be  provided  to  separate 
receive  and  transmit  unused  subaddress  memory 
areas  to  prevent  bad  data  escaping  the  terminal. 
Remember  the  bus  controller  is  not  allowed  to 
transmit  commands  requesting  or  transmitting 
data  from  unused  subaddresses  of  remote 
terminals. 

(3)  Illegal  commands  which  request  action  asso- 
ciated with  unused  or  unimplemented  modecodes 
must  also  be  faced  without  causing  remote  termi- 
nal errors.  These  are  more  easily  handled,  because 
most  remote  terminals  use  chip  sets  which  have 
selected  when  and  how  they  will  respond  to  each 
illegal  mode  condition.  If  you  are  interested  in 
designing  your  own  remote  terminal,  the  "RT  Vali- 
dation Test  Plan"  (see  Section  VI)  should  be  used 
as  a  reference  guide  in  determining  acceptable 
performance.  The  general  philosophy  is  to 
"respond  in  form",  in  other  words,  according  to  the 
protocol  if  it  was  legal.  This  might  mean  bit  bucket- 
ing data  words  or  generating  data  words  for  trans- 
mission. If  a  remote  terminal  uses  no  mode  codes 
(remember  that  Notice  2  requires  at  least  four 
mode  codes),  subaddress  codes  00000  and  11111 
(the  mode  codes  designator)  is  also  not  needed 
and  it  can  be  treated  as  an  unused  subaddress. 
Therefore,  even  if  a  remote  terminal  designer 
chooses  not  to  implement  the  option  to  analyze 
illegal  commands,  the  design  must  be  able  to  with- 
stand the  existence  of  these  commands  without 
causing  the  remote  terminal  internal  errors  or  data 
bus  system  problems. 

1.6.4  Invalid  Command  [1553B  paragraph  4.4.3.3] 

An  invalid  command  in  1553B  occurs  when  the 
command  word  fails  to  meet  the  criteria  estab- 
lished for  the  word  validation  by  the  standard 
(1553B  paragraph  4.4.1.1).  These  tests  for  proper 
sync,  valid  Manchester  II  bi-phase  data,  and  infor- 
mation format  of  16  bits  plus  odd  parity  are  basic  to 
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wora  tney  are  essential,  since  tne  protocol 
depends  on  a  command/response  action,  remote 
terminals  must  only  respond  when  "spoken  to" 
(commanded  to)  by  the  bus  controller.  This  is 
accomplished  by  the  address  validation  (between 
the  particular  remote  terminal's  internal  address 
and  the  address  in  the  command  word).  Notice  2 
requires  thatjTo  jsincjle  point  failure  in  the  address 
selection  circuitry  may  cause  a  terminal  to  validate 
a^faise  address.  To  prevent  multiple  terminal 
reception  or  multiple  terminals  transmitting  data, 
the  command  word  must  be  correct.  Command 
word  verification  involves  more  than  just  using  the 
remote  terminal's  address,  it  includess  all  of  the 
1553  required  (4.4.3.5  in  1553B)  word  checks. 
Many  remote  terminal  designers,  in  an  effort  to  get 
a  head  start  on  handling  a  command  word,  exam- 
ine only  the  address  and  fail  to  validate  the 
remainder  of  the  word  before  accepting  it  as  a 
command. 

1.6.5  Impact  of  Notice  2  to  MIL-STD-1553B 

Notice  2  to  MIL-STD-1553B,  issued  8  September 
1986,  was  developed  to  define  which  options 
within  the  standard  were  required  to  enhance  tri- 
service  interoperability  of  systems.  The  Notice 
goes  on  to  further  define  some  of  the  open-ended 
timing  constraints  which  were  undefined  within 
the  standard. 


A  notice  to  a  standard  is  applied  whenever  the 
standard  is  referenced  or  specified.  The  notice 
does  not  apply  to  previous  versions  of  the  standard 
or  applications  to  which  the  standard  was  applied 
prior  to  the  release  date  of  the  notice.  Waivers  to 
the  notice  can  be  sought  using  thesame  technique 
allowed  for  the  standard. 


Notice  2  to  MIL-STD-1553B  supersedes  Notice  1. 
The  primary  Notice  2  restrictions  to  the  standard 
are  as  follows: 

(1)  Broadcast  Message  Formats 

Broadcast  message  formats  are  not  restricted 
from  being  implemented  in  hardware.  However, 
use  of  the  broadcast  command  is  JimitedJcaaode- 
cpd_e_JicuiimajTd5_jQnJy.  This  is  a  major  departure 
from  the  Notice  1  restrictions  which  prohibited 
broadcast  messages  altogether.  The  broadcast 
option  for  non-mode  code  messages  may  be 
designed  into  the  remote  terminaljf  implemented, 
then  the  terminal  MUST  be  capable  of  distinguish- 
.  inq  between  broadcast  and  non-broadcast  mes- 
sagesJp_tlTe_same  subaddress. 


The  terminal  hardware  may  be  designed  with  any 
or  all  mode  codes,  but  the  following  mode  codes 
must  be  implemeriited;  transmit  status  word,  trans- 
TrTitter  shutdown,  override  transmitter  shutdown, 
and  reset  remote  terminal.  Remote  terminals  must 
be  designed  to  recognize  both  00000  and  11111  as 
a  designator  in  the  subaddress/mode  code  field  of 
the  command  word.  The  two  indicators  must  not 
convey  different  information.  Also  bus  controllers 
must  be  designed  to  support  all  modes  regardless 
of  system  usage. 

For  Air  Force  applications,  the  bus  controller  is 
prohibited  from  issuing  a  dynamic  bus  control 
mode  code  (one  of  the  few  exceptions  to  a  total 
tri-service  agreement). 

Also  timing  constraints  have  been  established  for 
two  of  the  mode  codes:  reset  remote  terminal,  and 
initiate  RT  self  test.  For  the  reset  remote  terminal, 
the  terminal  must  complete  its  reset  function 
within  5  milliseconds  after  transmitting  its  status 
word  to  this  command.  For  the  initiate  self  test 
mode  code,  the  terminal  must  complete  its  self  test 
function  within  100  milliseconds  after  transmiting 
its  status  word  to  this  command.  In  both  cases, 
while  the  terminal  is  performing  the  commanded 
function  (reset  or  self  test)  the  terminal  may 
respond  to  a  valid  command  by:  a)  no  response  on 
either  bus,  b)  status  word  transmitted  with  the 
busy  bit  set;  or  c)  normal  response.  However,  any 
data  transmitted  as  the  result  of  this  command 
MUST  be  valid  data. 

(3)  Status  Word  Bits 

The  only  required  status  word  bit  is  the  message 
error  bit.  However,  if  the  terminal  employs  broad- 
cast recognition,  capability  of  dynamic  bus  con- 
trol, RT  built-in-test,  or  subsystem  built-in-test, 
then  the  bits  in  the  status  word  associated  with 
these  functions  are  also  required. 

The  busy  bits'  use  (due  to  existence  of  busy  condi- 
tions within  a  terminal)  is  strongly  discouraged. 

However  if  these  conditions  affect  the  terminal's 
ability  to  properly  communicate  via  the  bus,  then 
the  busy  bit  is  to  be  used.  Setting  of  the  busy  bit 
must  be  caused  by  the  result  of  a  command  to  the 
terminal.  The  busy  bit  may  also  be  set  as  the  result 
of  a  failure  within  the  terminal  or  subsystem. 

(4)  Message  Formats  and  Subaddresses 

Remote  terminals  must  be  capable  of  the  following 
non-broadcast  message  formats:  RT-BC,  BC-RT, 


1-19 


ILC  DATA  DEVICE 

CORPORATION   

RT-RT  (receive  and  transmit),  and  mode  codes 
commands  without  data  words.  Bus  controllers 
must  have  the  capability  to  transmit  all  message 
formats. 

The  remote  terminal  must  provide  a  data  wrap- 
around capability  equal  to  the  maximum  number 
of  data  words  its  capable  of  processing  for  any 
subaddress.  The  desired  subaddress  for  this  func- 
tion is  30  [11110].  The  purpose  of  this  function  is  to 
provide  the  bus  controller  the  capability  to  test  the 
data  flow  through  a  terminal's  front  end  (1553 
hardware),  initial  subsystem  interface  (memory 
buffers),  and  the  data  bus  media  (cabling  and  bus 
couplers). 

(5)  RT-RT  Timeout 

In  addition  to  normal  message  validation  criteria, 
the  remote  terminal  must  timeout  (invalidate  the 
message)  if  the  receive  command  word  is  not  fol- 
lowed by  the  first  data  word  within  57  ±3  microse- 
conds. Although  this  poses  few  problems  for 
current  hardware  designs  and  chip  sets,  some  of 
the  earlier  designs  would  wait  "forever"  then  take 
the  data  intended  for  some  other  terminal  (the 
transmitting  terminal's  status  word  was  ignored 
since  it  contained  a  command/status  sync). 

(6)  Electrical 

The  data  bus  cable  characteristics  have  been  tight- 
ened in  the  area  of  cable  shielding  (90%),  connec- 
tor/junction shielding  (360  degrees  at  75%),  and 
impedance  (actual  to  within  the  range  of  70-85 
ohms  at  1  megahertz).  In  addition,  the  polarity  for 
concentric  connectors  has  been  defined  with  the 
center  pin  being  the  high  (positive)  bus  signal  and 
the  inter-ring  being  the  low  (negative)  bus  signal. 
The  outer  ring  is  obviously  the  bus  shield. 

(7)  Coupling  Stubs 

For  Navy  applications,  terminals  must  have  both 
transformer  coupled  stub  and  direct  coupled  stub 
connections  externally  available  (either  may  be 
used).  For  Army  and  Air  Force  applications,  only 
transformer  coupled  stubs  are  required. 

The  remote  teminal  must  limit  spuriousoutput sig- 
nals during  power  up  or  down  sequences  to  ±250 
mv  for  transformer  coupled  stubs  and  +90  mv  for 
direct  coupled  stubs. 

1.6.6  Responses  to  Non-Implemented  Mode 
Code  Commands  and  Undefined  Mode  Codes 

Table  1  of  1553B  and  paragraph  4.3.3.5.1. 7define 
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mode  codes  while  paragraph  4.3.3.6.4  identify 
the  two  types  of  mode  codes;  without  data  word 
and  with  data  word.  Table  1  also  identifies  a 
group  of  mode  codes  as  RESERVED.  However, 
table  1  fails  to  identify  all  of  the  binary  combina- 
tions that  can  exist  in  the  T/R  bit  and  five  bit  mode 
code  field.  Table  l-1.3expands  the  1553B  tableto 
include  these  possibilities.  As  can  be  seen  22  of 
the  64  entries  are  undefined  and  are  considered 
INVALID.  Notice  from  the  table  that  these  DO 
NOT  include  the  RESERVED  mode  codes. 

Several  terms  must  be  clearly  defined  in  order  to 
proceed  with  an  explanation  of  the  handling  of 
RESERVED  mode  codes  or  UNDEFINED  mode 
codes.  For  convenience,  thefollowing  definitions 
are  recapitulated  with  reference  to  1553B. 

Valid  Words,  (paragraph  4.4.1.1)  Every  word  must 
meet  4testsof  validity  to  bedeclareda  valid  word. 
These  tests  are: 

a.  Valid  sync  field. 

b.  All  bits  are  encoded  as  valid  Manchester  II 
code. 

c.  The  information  field  has  16  bits  +  1  parity  bit. 

d.  The  parity  over  the  word  is  odd  parity. 

A  word  failing  any  of  these  tests  would  be  consi- 
dered to  be  invalid. 

Invalid  Command,  (paragraph  4.4.3.3)  A  com- 
mand that  does  not  have  an  RT  address  field  that 
matches  the  address  of  the  receiving  RT  or  that 
does  not  have  an  address  of  11111  if  the  broadcast 
option  is  implemented  in  the  RT,  or  that  fails  to 
satisfy  the  test  for  a  valid  word  shall  be  consi- 
dered to  be  an  invalid  command. 

Invalid  data  reception.  If  any  data  word  that  is 
part  of  a  BC  to  RT  message  fails  the  tests  for 
being  a  valid  word,  or  if  the  message  transmission 
if  not  contiguous,  or  if  the  number  of  data  words 
received  is  not  correct  (does  not  match  the  com- 
mand word  count  field),  an  invalid  data  reception 
has  occurred. 

Illegal  commands,  (paragraph  4.4.3.4)  An  illegal 
command  is  a  valid  command  word,  but  which 
contains  a  combination  of  T/R  bit,  subaddress- 
/mode  field,  and  data  word  count/mode  code 
field  that  has  not  been  implemented  in  the  receiv- 
ing RT.  Notwithstanding  a  side  discussion  as  to 
which  commands  may  be  considered  to  be 
optional,  the  detection  of  illegal  commands  is 
itself  optional. 

Now  the  rules  for  setting  of  the  message  error  bit 
in  the  status  word  and  when  to  transmit  status  or 
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Table  1-1.3  MIL-STD-1553B  Mode  Command  Organization 


T/R 

MODE  CODE 

DATA  WORD 
ASSOCIATED 

BROADCAST 
ALLOWED 

RESERVED 

INVALID 

0 

00000 

UND 

UND 

UND 

YES 

0 

00001 

UND 

UND 

UND 

YES 

0 

00010 

UND 

UND 

UND 

YES 

0 

00011 

UND 

UND 

UND 

YES 

0 

00100 

UND 

UND 

UND 

YES 

0 

00101 

UND 

UND 

UND 

YES 

0 

00110 

UND 

UND 

UND 

YES 

0 

00111 

UND 

UND 

UND 

YES 

0 

01000 

UND 

UND 

UND 

YES 

0 

01001 

UND 

UND 

UND 

YES 

0 

01010 

UND 

UND 

UND 

YES 

0 

01011 

UND 

UND 

UND 

YES 

0 

01100 

UND 

UND 

UND 

YES 

0 

01101 

UND 

UND 

UND 

YES 

0 

01110 

UND 

UND 

UND 

YES 

0 

01111 

UND 

UND 

UND 

YES 

0 

10000 

UND 

UND 

UND 

YES 

0 

10001 

YES 

YES 

NO 

NO 

0 

10010 

UND 

UND 

UND 

YES 

0 

10011 

UND 

UND 

UND 

YES 

0 

10100 

YES 

YES 

NO 

NO 

0 

10101 

YES 

YES 

NO 

NO 

0 

10110 

YES 

TBD 

YES 

NO 

0 

10111 

YES 

TBD 

YES 

NO 

0 

11000 

YES 

TBD 

YES 

NO 

0 

11001 

YES 

TBD 

YES 

NO 

0 

11010 

YES 

TBD 

YES 

NO 

0 

11011 

YES 

TBD 

YES 

NO 

0 

11100 

YES 

TBD 

YES 

NO 

0 

11101 

YES 

TBD 

YES 

NO 

0 

11110 

YES 

TBD 

YES 

NO 

0 

11111 

YES 

TBD 

YES 

NO 

00000 

NO 

NO 

NO 

NO 

1 

00001 

NO 

YES 

NO 

NO 

1 

00010 

NO 

NO 

NO 

NO 

1 

00011 

NO 

YES 

NO 

NO 

1 

00100 

NO 

YES 

NO 

NO 

1 

00101 

NO 

YES 

NO 

NO 

00110 

NO 

YES 

NO 

NO 

j 

00111 

NO 

YES 

NO 

NO 

01000 

NO 

YES 

NO 

NO 

01001 

NO 

TBD 

YES 

NO 

01010 

NO 

TBD 

YES 

NO 

01011 

NO 

TBD 

YES 

NO 

01100 

NO 

TBD 

YES 

NO 

01101 

NO 

TBD 

YES 

NO 
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T/R 

MODE  CODE 

DATA  WORD 
ASSOCIATED 

BROADCAST 
ALLOWED 

RESERVED 

Ik  11  /  A  1     1  |~\ 

INVALID 

1 

01110 

NO 

TBD 

YES 

NO 

1 

01111 

NO 

TBD 

YES 

NO 

1 

10000 

YES 

NO 

NO 

NO 

1 

10001 

UND 

TBD 

UND 

YES 

1 

10010 

YES 

NO 

NO 

NO 

1 

10011 

YES 

NO 

NO 

NO 

1 

10100 

UND 

TBD 

UND 

YES 

1 

10101 

UND 

TBD 

UND 

YES 

1 

10110 

YES 

TBD 

YES 

NO 

1 

10111 

YES 

TBD 

YES 

NO 

1 

11000 

YES 

TBD 

YES 

NO 

1 

11001 

YES 

TBD 

YES 

NO 

1 

11010 

YES 

TBD 

YES 

NO 

1 

11011 

YES 

TBD 

YES 

NO 

1 

11100 

YES 

TBD 

YES 

NO 

1 

11101 

YES 

TBD 

YES 

NO 

11110 

YES 

TBD 

YES 

NO 

11111 

YES 

TBD 

YES 

NO 

TBD  =  "To  be  Determined"  as  indicated  in  1553B. 
UND  =  "Undefined,  not  specifically  assigned  in  1553B. 


to  suppress  transmission  of  a  status  word  will  be 
reviewed. 

Paragraph  4.3.3.5.3.3  states  that  the  message 
error  (ME)  bit  of  a  status  word  shall  be  set  to 
indicate  that: 

1.  One  or  more  of  the  data  words  associated 
with  the  proceeding  BC-to-RT  command  (re- 
ceive command)  was  not  a  VALID  WORD,  or 

2.  The  message  transmission  was  not  contigu- 
ous per  paragrpah  4.4.1.2,  or 

3.  The  command  received  was  an  ILLEGAL 
COMMAND  and  the  RT  has  implemented  the 
option  for  illegal  command  detection,  or 

4.  There  was  an  INVALID  DATA  RECEPTION. 


Based  on  paragraphs  4.4.3.1  and  4.4.3.5,  a  status 
word  response  is  required  if  the  RT  receives  a 
command  that  is  a  valid  command  and  if  any  asso- 
ciated data  reception  is  a  valid  data  reception. 
Paragraph  4.4.3.3  specifically  states  that  a  RTshall 
not  respond  to  an  INVALID  COMMAND  and 
paragrpah  4.4.3.6  requires  the  status  word 
response  be  suppressed  for  the  case  of  INVALID 
DATA  RECEPTION. 


By  definition,  RESERVED  mode  codes  are  repres- 
ented by  command  word  formats  that  have  been 
defined  in  table  1  of  1553B,  but  which  are  not  to  be 
implemented  at  present.  Consequently,  an  RT 
design  will  not  implement  these  T/R,  subaddress- 
/mode  field,  and  data  word/mode  code  combina- 
tions and  if  the  RT  receives  such  a  combination,  it 
must  regard  the  command  as  an  ILLEGAL  COM- 
MAND per  the  definition  given  in  the  standard.  The 
proper  action  required,  per  the  standard,  is  to  set 
the  ME  bit  of  the  status  word  and  transmit  the 
status  word  to  the  bus  controller,  if  the  option  for 
illegal  command  monitoring  is  being  observed. 

Notice  that  there  is  no  restriction  on  a  bus  con- 
troller not  to  transmit  a  RESERVED  mode  code 
command.  RESERVED  mode  commands  may  be 
defined  in  the  future,  in  which  case  receipt  of  that 
command  would  be  an  absolutely  normal  occur- 
rence. Simply  treating  the  RESERVED  mode  com- 
mands as  an  ILLEGAL  COMMAND  is  consistent 
with  the  potential  for  future  expansion  of  mode 
commands  since  a  pre-existing  RT  design  should 
not  implement  the  new  command  created  from  a 
RESERVED  mode  command.  The  "RT  Validation 
Test  Plan"  (Notice  1  to  MIL-HDBK-1553)  supports 
this  discussion. 
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The  UNDEFINED  mode  code  commands  present 
a  more  difficult  situation.  If  an  RT  receives  an 
undefined  mode  command,  by  default  it  could 
treat  this  command  as  an  ILLEGAL  COMMAND 
from  the  standpoint  of  its  being  a  combination  of 
T/R,  subaddress/mode,  and  data  word/mode  code 
fields  that  definitely  will  not  have  been  imple- 
mented by  the  RT  design.  But  the  undefined  mode 
command  can  be  regarded  as  an  ILLEGAL  COM- 
MAND only  if  it  is  also  a  valid  command.  This  point 
raises  questions  as  to  how  such  a  command  came 
to  be  received  by  the  RT.  Since  the  undefined 
mode  command  is  not  a  valid  combination  of  T/R, 
subaddress/mode  field,  and  data  word/mode  code 
field  as  defined  in  table  1  of  1553B,  it  must  be 
presumed  that  a  bus  controller  would  never  pur- 
posely send  such  a  combination.  The  case  can  be 
made  that  some  failure  mode  has  to  have  occurred 
in  order  for  the  command  received  by  the  RT  to  be 
interpreted  as  an  undefined  mode  command. 
Invalid  encoding,  undetected  multiple  bit  errors,  or 
bus  controller  failures  could  be  possible  sources 
for  the  erroneous  mode  command.  It  may  be  sur- 
mised that  the  receipt  of  an  undefined  mode  com- 
mand implies  that  the  command  could  be  an 
INVALID  COMMAND.  It  is  also  possible  that  all  of 
the  checks  for  validity  of  the  command  word 
genuinely  pass,  but  that  a  failure  mode  in  the  bus 
controller  has  resulted  in  the  transmission  of  an 
undefined  mode  command.  As  such,  it  would  be 
proper  to  regard  the  command  as  an  ILLEGAL 
COMMAND  and  to  set  the  ME  bit  of  the  status 
word  register  and  either  transmit  or  suppress  the 
status  word  depending  on  the  implementation  of 
the  ILLEGAL  COMMAND  option. 

The  validity  of  the  command  determines  whether 
or  not  a  status  response  is  to  be  sent.  Due  to  the 
likelihood  that  the  undefined  command  is  in  reality 
an  INVALID  COMMAND  generated  by  undetected 
errors  in  encoding,  the  safest  approach  to  the  deci- 
sion concerning  whether  or  not  to  transmit  the 
status  word  would  be  to  suppress  transmission  of 
the  status  word. 

So,  depending  upon  the  failure  mode  that  produ- 
ces an  undefined  mode  command,  attributes  of 
either  an  ILLEGAL  COMMAND  or  an  INVALID 
COMMAND  or  both  may  be  present.  The  required 
response  is  not  clear  since  the  prescribed 
responses  are  opposing  when  comparing  an  ILLE- 
GAL COMMAND  with  an  INVALID  COMMAND. 
For  this  reason,  this  category  of  command  is 
sometimes  referred  to  an  illogical  command.  By 
implementing  the  dominant  responses  for  both  an 
ILLEGAL  COMMAND  and  for  an  INVALID  COM- 


MIL-STD-1553  DESIGNER'S  GUIDE 


MAND,  the  safest  overall  response  results.  The  ME 
bit  of  the  status  word  is  set  to  indicate  an  error  and 
the  transmission  of  the  status  word  is  suppressed 
to  prevent  violation  of  the  command/response  pro- 
tocol for  a  potentially  INVALID  COMMAND.  Sup- 
pression of  the  transmission  of  the  status  word  in 
response  to  the  receipt  of  an  undefined/illogical 
command  has  the  added  benefit  of  distinguishing 
the  associated  failure  mode  from  the  receipt  of  a 
reserved  mode  command.  In  any  event,  diagnosa- 
bility  of  errors  resulting  from  the  receipt  of  an 
improper  mode  command  can  be  improved  by 
providing  bits  in  the  BIT  word  to  expand  the 
encoding  of  errors. 

The  "RT  Validation  Plan"  allows  two  responses;  a) 
treat  the  condition  as  an  ILLEGAL  COMMAND,  or 
b)  treat  the  condition  as  an  INVALID  COMMAND. 
In  the  first  case,  the  terminal  would  respond  with  a 
status  word  with  no  errors  set  if  it  did  not  have 
ILLEGAL  COMMAND  detection  capability.  If  the 
terminal  did  have  ILLEGAL  COMMAND  detection 
capability,  a  status  word  with  the  ME  bit  set  would 
be  transmitted  only.  In  the  second  case,  if  the 
INVALID  COMMAND  was  detected,  the  status 
response  would  be  suppressed  and  the  ME  bit  set 
in  the  status  word.  This  message  error  would  NOT 
be  recorded  by  the  bus  controller  unless  the  next 
message  was  a  transmit  status  word  mode  code  or 
transmit  last  command  word  mode  code. 


1.6.7  Two  Single  Channel  Remote  Terminals 
Operating  in  a  Dual  Standby  Redundant  System 

A  few  remote  terminal  designers  have  designed 
subsystems  using  the  channel  concept  (see  figure 
I-3.7  right  side)  only  to  discover  that  the  terminal 
failed  to  meet  all  the  1553B  requirements  when 
used  in  a  dual  standby  redundant  data  bus  net- 
work (see  1553B  paragraph  4.6.3).  1553B  provides 
certain  general  capabilities  which  are  influenced 
when  a  system  is  operating  in  a  dual  standby 
redundant  network,  as  most  are,  compared  to  a 
single  channel  network.  Mode  codes  that  convey 
the  operational  capability  of  the  entire  remote  ter- 
minal as  compared  to  that  of  the  channel  are  the 
most  affected;  a)  transmit  status  word,  b)  reset 
remote  terminal,  c)  transmit  last  command  word, 
and  d)  transmit  BIT  word.  Transmit  status  word 
mode  code  provides  the  message  error  results  of 
the  last  message  processed  by  the  termi nal  regard- 
less of  which  bus  (channel  -  active  or  standby)  the 
message  was  received  on.  The  other  bits  in  the 
status  word  represent  the  health  of  the  entire  ter- 
minal, not  just  the  channel  receiving  the  request. 
The  reset  remote  terminal  mode  code  also  applies 

I-23 


to  the  entire  terminal  and  NOT  just  the  channel  the 
request  was  received  on.  Transmit  last  command 
word  must  come  from  a  register  which  contains 
the  16  bit  contents  of  the  last  command  received 
regardless  of  the  bus  received  on.  The  same  is  true 
for  the  terminal's  BIT  word  and  vector  word,  it 
must  reflect  the  terminal's  state  and  not  that  of 
channel.  Figure  I-3.7  illustrates  that  too  little 
redundancy  is  unacceptable  just  as  well  as  too 
much  isolation  is  unacceptable. 


1.6.8  Testing  of  1553  Terminals 

MIL-STD-1553B  terminal  testing  has  been  con- 
ducted by  designers  and  the  US  Air  Force  SEA- 
FAC  Laboratories  at  Wright  Patterson  AFB.  In  the 
past,  the  proof  that  a  terminal's  design  was  accep- 
table, required  it  to  pass  the  SEAFAC  Validation 
Tests.  Several  years  ago,  the  government  recog- 
nized that  a  single  laboratory  could  not  test  eve- 
ryones  designs.  With  the  increasing  numbers  and 
suppliers  of  1553  embedded  terminals  and  the 
extensive  number  of  chip  sets  being  developed, 
something  had  to  be  done  to  distribute  the  testing 
load  while  maintaining  the  highly  successful 
design  verification  effort. 

To  this  end,  the  SAE  Avionics  Systems  Division 
and  the  government  began  developing  a  series  of 
verification  and  production  test  plans  and  proce- 
dures which  could  be  conducted  by  independent 
laboratories  to  validate  the  design  approach  and 
provide  a  basis  for  production  level  testing  of  1553 
terminals.  This  approach  would  allow  multiple 
industry  sources  to  be  used  to  verify  compliance  of 
a  design  and  provide  industry  with  ground  rules 
for  production  testing.  It  was  clear  from  the  begin- 
ning that  remote  terminal  test  plans  were  required 
first,  followed  by  bus  controller  test  plans  and  then 
system  data  bus  test  plans.  The  initial  remote  ter- 
minal test  plans  grew  out  of  the  test  procedures 
developed  and  used  at  SEAFAC.  It  was  obvious 
from  the  start  that  the  test  plans  would  set  a  lower 
level  of  definition  for  "acceptable  terminal  perfor- 
mance" than  existed  in  the  standard.  This  caused 
extensive  work  and  coordination  between  industry 
and  the  government.  Today  (7/87)  these  test  plans 
are  available  in  preliminary  form  from  the  SAE 
(Society  of  Automotive  Engineering)  under  the  fol- 
lowing Aerospace  Standard  numbers: 

AS4111      Validation  Test  Plan  for  Aircraft 
Rev.  D       Internal  Time  Division  Command/ 
3/84  Response  Multiplex  Data  Bus 

Remote  Terminals.  (See  Section  VI). 
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AS4112      Production  Test  Plan  for  Aircraft 
Rev.  Internal  Time  Division  Command/ 

4/85  Response  Multiplex  Data  Bus 

Remote  Terminals.  (See  Section  V). 
AS4113      Validation  Test  Plan  for  Aircraft 
Rev.  F       Internal  Time  Division  Command/ 
3/86  Response  Multiplex  Data  Bus  Bus 

Controllers. 
AS4114      Production  Test  Plan  for  Aircraft 
Final  Draft  Internal  Time  Division  Command/ 
2/87  Response  Multiplex  Data  Bus  Bus 

Controllers. 
AS4115      Test  Plan  for  the  Digital  Internal 
Final  Draft  Time  Division  Command/Response 
2/87  Multiplex  Data  Bus  System. 

Note  that  the  Validation  Test  Plan  for  Remote  Ter- 
minals (AS4111)  has  been  adapted  by  the  military 
and  released  as  Notice  1  to  MIL-HDBK-1553  Multi- 
plex Applications  Handbook. 

In  the  near  future,  these  documents  will  be 
approved  by  the  SAE  and  published  as  Aerospace 
Standards.  The  military  is  considering  placing 
some  of  these  in  future  updates  of  MIL-HDBK- 
1553  Handbook.  Some  differences  still  exist 
between  the  SEAFAC  test  plans  and  procedures 
and  the  SAE  documents  which  must  be  resolved. 
In  addition,  with  the  release  of  Notice  2  to  MIL- 
STD-1553B,  these  documents  will  be  updated  by 
the  SAE. 


2.0  A  Comparison  of  Data  Bus  Specifications 

Today  several  MIL-STD-1553  data  bus  systems  are 
in  full  use.  To  better  understand  the  slight  differen- 
ces between  these  systems,  this  section  consists 
of  several  tables  comparing  performance  charac- 
teristics of  MIL-STD-1553B  and  several  aircraft 
specifications  (e.g.,  A-10,  F-16,  F-18,  and  B-52). 
Most  1553  applications  will  require  an  aircraft 
specification  in  addition  to  MIL-STD-1553B  to 
allow  the  aircraft  designer  a  method  of  identifying 
the  applicable  options  of  the  standard.  Prior  to 
MIL-STD-1553B  these  aircraft  specifications  pro- 
vided the  appropriate  level  of  detail,  since  earlier 
versions  of  the  standard  were  unclear  in  several 
critical  design  areas.  Each  of  these  parameters  can 
be  examined  on  a  comparative  basis  using  these 
tables. 

A  thorough  paragraph  by  paragraph  analysis  of 
MIL-STD-1553B  is  given  in  Section  II,  where  differ- 
ences between  A  and  B  and  the  reasons  for  various 
requirements  are  discussed. 
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2.I  Summary  of  Data  Bus  Requirements 


Table  1-2.1  Summary  of  Data  Bus  Requirements 


Applications 

DoD  Avionics 

Data  Rate 

1  MHz 

Word  Length 

20  bits 

Number  of  data 

16 

bits/word 

Transmission 

half-duplex 

technique 

Operation 

Asynchronous 

Encoding 

Manchester  II  biphase 

Bus  Coupling 

Transformer 

Bus  Control 

Single  or  multiple 

Transmission 

Twisted  pair  shielded 

media 

2.2  Summary  of  Status  Word  Protocols 

Table  I-2.2  Summary  of  Status  Word  Protocol  for  Various  Message  Errors 


Application 


Error 
Condition 

F-16*A/C 

B-520AS 

A-10 

F-18 

OH-58D 

1553B 
Notice  2 

Data  Parity 
Error 

Transmit 
Status 

Suppress 
Status 

Transmit 
Status 

Transmit 
Status 

Suppress 
Status 

Suppress 
Status 

Invalid  Data 
(invalid  sync,  code, 
bit  count) 

Transmit 
Status 

Suppress 
Status 

Transmit 
Status 

Transmit 
Status 

Suppress 
Status 

Suppress 
Status 

No  Data  Received 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Word  Count  Error 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Suppress 
Status 

Note  that  for  a  broadcast  command,  the  status  word  is  always  suppressed.  The  broadcast  command  received 
bit  shall  not  be  set  if  a  message  error  occurs  for  a  broadcast  message. 

*  F-16A/C  message  error  bit  set  for  data  parity  error  only. 


I-25 


2.3  Summary  of  Status  Word  Bit  Assignments 


Table  1-2.3  Summary  of  Status  Word  Bit  Assignments 


Status  Bits 

B-52 
OAS 

A-10 

F-18 

F-16 

A/C 

OH-58D 

1553B 
Notice  2 

1553A 

Sync 

1-3 

1-3 

1-3 

1-3 

1-3 

1-3 

1-3 

Terminal  Address 

4-8 

4-8 

4-8 

4-8 

4-8 

4-8 

4-8 

Message  Error 

9 

9 

9 

9 

9 

9 

9 

Instrumentation 

NU 

10 

NU 

10 

NU 

10 

u 

Data  Quality* 

NU 

NU 

NU 

lit 

NU 

NU 

u 

Service  Request 

15 

NU 

10-18* 

NU 

11 

11 

u 

Broadcast  Received 

NU 

NU 

NU 

15 

NU 

15 

u 

Busy 

16 

NU 

NU 

NU 

16 

16 

u 

Subsystem  Flag 

10-14 

NU 

NU 

NU 

17 

17 

u 

Dynamic  Bus  Control 

NU 

NU 

NU 

NU 

NU 

18§ 

u 

Acceptance 

Dedicated  Function  Received* 

NU 

NU 

NU 

16 

NU 

NU- 

u 

Bus  Shutdown** 

NU 

17-18 

NU 

17-18 

NU 

NU 

u 

Reserved 

17-18 

11-16 

NONE 

12-14 

12-14 

12-14 

u 

Terminal  Flag 

19 

19 

19 

19 

19 

19 

19 

Parity 

20 

20 

20 

20 

20 

20 

20 

Note:  Bits  which  are  not  used  shall  be  considered  reserved  per  the  application  and  set  to  zero. 
*   F-16  unique 
t   F-18  unique 
**    F-16  and  A-10  unique 
u  Undefined 
t   F-16  uses  data  parity 

same  as  message  error 
§   Not  permitted  in  Air  Force 

applications 
NU   Not  Used 


2.4  Summary  of  Mode  Code  Usage 


Table  1-2.4  Summary  of  Mode  Code  Usage 


MODE  COMMANDS 

MODE  CODES 

B-52 

A-10 

F-18 

F-16 

A/C 

OH-58D 

1553B 
Notice  2 

1553A 

WITHOUT  DATA 

Dynamic  Bus  Control 

NU 

NU 

0 

NU 

NU 

0 

ND 

Synchronize 

NU 

NU 

NU 

1 

1 

1 

ND 

Transmit  Status 

1 

NU 

NU 

2-31 

2 

2 

ND 

Initiate  Self  Test 

2 

NU 

NU 

NU 

3 

3 

ND 

Transmitter  Shutdown 

3 

NU 

NU 

NU 

NU 

4 

ND 

Override  Shutdown 

4 

NU 

NU 

NU 

NU 

5 

ND 

InhibitT/F 

NU 

NU 

NU 

NU 

NU 

6 

ND 

Override  Inhibit  T/F 

NU 

NU 

NU 

NU 

NU 

7 

ND 

Reset  RT 

NU 

NU 

NU 

NU 

NU 

8 

ND 

DATA  FROM  TERMINAL 

Transmit  Vector 

NU 

NU 

NU 

NU 

NU 

16 

ND 

Transmit  Last  Command 

NU 

NU 

NU 

NU 

NU 

18 

ND 

Transmit  Bit  Word 

NU 

NU 

NU 

NU 

19 

19 

ND 

DATA  TO  TERMINAL 

Synchronize 

NU 

NU 

NU 

NU 

NU 

17 

ND 

Selected  Shutdown 

NU 

NU 

NU 

NU 

NU 

20 

ND 

Selected  Override 

NU 

NU 

NU 

NU 

NU 

21 

ND 

ILLEGAL  MODE  CODES 

0,5-31 

ALL 

1-31 

NONE 

9-15, 
22-31 

9-15, 
22-31 

ND 

NU  =  Not  Used        ND  =  Not  Defined 


2.5  Comparison  of  Data  Bus  Characteristics 

Table  1-2.5  Comparison  of  Data  Bus  Characteristics 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

1. 

Twisted,  shielded,  jacketed 

Yes 

Yes 

4.2.4.1 

4.5.1.1 

2. 

Minimum  cable  shield  coverage 

/  O  /o 

4.2.4.1 

4.5.1.1 

3. 

Minimum  cable  twist 

i  iwisi/in  \  i  c.  iwisis/Tij 

4  twists/ft 

A  0  A  1 

4.0.1  .1 

4. 

Wire-to-wire  distributed  capacitance 

30  pF/ft 

30  pF/ft 

(maximum) 

&  0  A  4 

A  K  1  1 

4.O.  l.l 

5. 

Characteristic  impedance  of  cable 

Nominal 

70 +  10%  at  1  MHz 

70  to  80  at  1  MHz 

4.2.4.2 

4.5.1.2 

6. 

Cable  attenuation 

1  dB/100ftat  1  MHz 

1.5dB/100  ft  at  1  MHz 

4.2.4.3 

4.5.1.3 

7 

f^aKlo  lonnth 

L/dDit!  lengin 

300  ft  maximum 

Unspecified 

4.2.4.4 

8. 

Cable  termination  using  a  resistance 

Characteristic 

Nominal  characteristic 

at  both  ends 

impedance 

impedance  ±  2% 

4.2.4.6 

4.5.1.4 

9. 

Cable  stubbing 

Transformer  coupling  for  stubs  longer  than 

Transformer  coupling  or  direct  coupling 

1  ft  but  less  than  20  ft;  direct  coupling  if  stub 

allowed;  maximum  stub  length  suggested 

is  less  than  1  ft;  maximum  stub  length  of  20  ft 

20  ft 

4.2.4.5 

Figure  11-1 4  page  11-41 

4.5.1.5.1  or  4.5.1.5.2 

10. 

Cable  coupling  (connector) 

Compatible  with  Amphenol  type  31-235  or 

Figures  9  or  10  of  1553B 

Trompeter  type  TEI-14949-E137  receptacles 

Unspecified 

and  Amphenol  type  31-224  or  Trompeter  type 

TEI-14949-PL36  plugs 

4.2.4.6 
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Table  1-2.5  Comparison  of  Data  Bus  Characteristics  (Continued) 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

11.  Cable  coupling  shielded  box 

Shielded  coupler  box 
4.2.4.6 

75%  coverage,  minimum 
4.5.1.5.1.3  and  4.5.1.5.2.2 

12.  Coupling  transformer  turns  ratio 

Unspecified 

1:141  ±3%  higher  turns  on  isolation 

resistor  side  of  stub 

4.5.1.5.1.1 

13.  Transformer  open  circuit  impedance 

Unspecified 

3,000  ohms  over  frequency  of  75  kHz 
-1  MHz  with  1V  RMS  sine  wave 
4.5.1.5.1.1.1 

14.  Transformer  waveform  integrity 

Unspecified 

Droop  not  to  exceed  20%  overshoot  and 
ringing  less  than  ±  1V  peak  undertest 
of  figure  11  of  1553B 
4.5.1.5.1.1.2 

15.  Transformer  common  mode  rejection 

Unspecified 

45  dB  at  1MHz 
4.5.1.5.1.1.3 

16.  Fault  isolation  — 

Isolation  resistor  in  series  with 
data  bus  cable  (coupler) 

Direct  coupled  case  with  the 
isolation  resistor  in  the  RT 

R  =  0.75Zo*  +  5% 
4.2.5.2 

Figure  11-14  page  11-41 

R  =  0.75  Z0*  ±2% 
4.5.1.5.1.2 

R  =  55  ohms  ±  2% 

4.5.1.5.2.1 

Figure  10  of  1553B 

17.  Impedance  across  the  data  bus  for  any 
failure  of  coupling  transformer,  cable 
stub,  or  terminal  receiver  and 
transmitter  transformer  coupling 

No  less  than  1.5  Zo* 
4.2.5.2 

No  less  than  1.5  Z0* 
4.5.1.5.1.2 

Direct  coupling 

No  less  than  110  ohms 
4.5.1.5.2.3 

18.  Stub  voltage  requirements  and  input 
level  transformer  coupling 

"Range  of  the  0.5V  to  10V  peak; 

1.0V  to  20V  p-p,  l-l 

4.2.5.4.1 

Figure  1 1-1 4  page  1 1-41 

"Range  of  1.0V  to  14.0V  p-p**,  l-l  with 
one  fault  as  stated  in  17  above 
4.5.1.5.1.4 
Figure  9  of  1553B 

*Z0  =  cable  normal  characteristic  impedance 


"Assumes  one  fault  of  a  coupling  transformer,  cable  stub,  or  terminal  receiver  or  transmitter 


1 


Table  1-2.5  Comparison  of  Data  Bus  Characteristics  (Concluded) 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

Direct  coupling 

"Range  of  the  0.5V  to  10V  peak; 

"Range  of  1.4V  to  20V  p-p,  l-l  with 

1.0V  to  20V  p-p,  l-l 

one  fault  as  stated  in  17  above 

4.2.5.4.1 

4.5.1.5.2.3 

Figure  11-1 4  page  11-41 

Figure  10  of  1553B 

19.  Wiring  and  cabling  for  electromagnetic 

MIL-E-6051 

MIL-E-6051 

capability 

4.2.4.7 

4.5.1.5.3 

"Assumes  one  fault  of  a  coupling  transformer,  cable  stub,  or  terminal  receiver  or  transmitter 


2.6  Comparison  of  Terminal  Characteristics 


Table  1-2.6  Comparison  of  Terminal  Characteristics 


1  



Requirement  and 

Requirement  and 

Requirement 

MIL-STD-1553A  paragraph 

MIL-STD-1553B  paragraph 


1.  Output  level  — 

±3.0V  to  ±  10V  peak  (6.0V  to  20.0V  p-p) 

With  RL  =  70  ±  2%,  18.0V  to  27.0V  p-p, 

transformer  coupling 

l-l  with  no  faults;  with  one  fault  of  a  coupling 

l-l 

transformer,  cable  stub,  or  terminal  receiver- 

transmitter,  ±  2.25V  to  ±  11.25V  peak 

(4.5V  to  15V  p-p)  l-l 

4.2.5.3.1 

4.5.^.1 .1.1 

Finiina  1  9  nf  I^^R 
riyuic  \c.  \J\  \  jjod 

Direct  coupling 

\A/ith  Dl    -         ■+-  OOL   ft  H\/  ir\  Q         r\  r\    1  1 

wiin  ml  -  oo  x  £vo,  D.uv  to  y.uv  p-p,  l-l 

4.5.2.2.1.1 

Pinnra  19  r»f  I^^^R 
riyuit;   \c.  <Jf    1  jjOD 

2.  Output  waveform  — 

±25  ns 

+  25  ns 

Zero  crossing  deviation 

4.2.5.3.2 

4.5.2.1.1.2 

Point  C,  figure  11-14  page  11-41 

Figure  12  of  1553B 

Rise  and  fall  time  (10%  to  90%) 

>  100  ns 

100  to  300  ns 

4.2.5.3.2 

4.5.2.1.1.2 

Figure  13  of  1553B 

Figure  13  of  1553B 

Transformer  coupling  distortion 

Unspecified 

+  900-mV  peak,  l-l 

(including  overshoot  and  ringing) 

4.5.2.1.1.2 

Point  A,  figure  12  of  1553B 

Direct  coupling  distortion 

Unspecified 

±  300-mV  peak,  l-l 

(including  overshoot  and  ringing) 

4.5.2.2.1.2 

Point  A,  figure  12  of  1553B 

3.  Output  noise  — 

10-mV  p-p,  l-l 

14-mV,  RMS,  l-l 

Transformer  coupling 

4.2.5.3.3 

4.5.2.1.1.3 

Point  A,  figure  11-14  page  11-41 


Point  A,  figure  12  of  1553B 

Table  1-2.6  Comparison  of  Terminal  Characteristics  (Continued) 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

Direct  coupling 

5-mV,  RMS,  l-l 

4.5.2.2.1.3 

Point  A,  figure  12  of  1553B 

4.  Output  symmetry  (after  2.5  us  of  midbit 

crossing  of  the  last  parity  bit  — 

Transformer  coupling 

Unspecified 

+  250-mV  peak,  l-l 

4.5.2.1.1.4 

Point  A,  figure  12  of  1553B 

Direct  coupling 

Unspecified 

+  90-mV  peak,  l-l 

4.5.2.2.1.4 

5.  Input  waveform  — 

Point  A,  figure  12  of  1553B 

Maximum  zero  crossing  deviation 

Unspecified 

+  1 50  ns 

4.5.2.1.2.1 

Point  A,  figures  9  or  10  of  1553B 

6.  Input  signal  response  range 

Transformer  coupling 

±0.5V  to  ±  10.0V  peak 

0.86V  to  14.0V  p-p,  l-l 

(1.0V  to  20V  p-p),  l-l 

4.2.5.4.1 

4.5.2.1.2.1 

Point  C,  figure  11-14  page  11-41 

Point  A,  figure  9  of  1553B 

Direct  coupling 

1.2V  to  20V  p-p,  l-l 

4.5.2.2.2.1 

Point  A,  figure  10  of  1553B 

7.  Input  signal  no  response  range 

Transformer  coupling 

Unspecified 

0.0V  to  0.2V  p-p,  l-l 

4.5.2.1.2.1 

Point  A,  figure  9  of  1553B 

Direct  coupling 

Unspecified 

0.0V  to  0.28V  p-p,  l-l 

4.5.2.2.2.1 

Point  A,  figure  10  of  1553B 

Table  1-2.6  Comparison  of  Terminal  Characteristics  (Concluded) 


8° 


Requirement  and 

Requirement  and 

Requirement 

MIL-STD-1553A  paragraph 

MIL-STD-1553B  paragraph 

8.  Common  mode  rejection 

±  10.0V  peak,  line-to-ground,  dc  to  2  MHz 

±  10.0V  peak,  hne-to-ground,  dc  to  Z  MHz 

4.2.5.4.2 

4.5.2.1.2.2  or  4.5.2.2.2.2 

Point  A,  figure  11-14  page  11-41 

Point  A,  figures  9  or  10  of  1553B 

9.  Input  impedance  — 

Transformer  coupling 

Minimum  of  2,000  ohms  over  a  frequency 

Minimum  of  1,000  ohms  over  a  frequency 

range  of  100  kHz  to  1  MHz,  l-l 

range  of  75  kHz  to  1  MHz,  l-l 

4.2.5.4.3 

4.5.2.1.2.3 

Point  C,  figure  11-14  page  11-41 

Point  A,  figure  9  of  1553B 

Direct  coupling 

Minimum  of  2,000  ohms  over  a  frequency 

range  01  to  kHz  to  1  MHz,  l-l 

A  G.  O  O  O  *i 

roini  m,  Tigure  iu  ot  idood 

10.  Noise  rejection  or  error  rate  — 

Maximum  bit  error  rate  of  10~12  and  a 

Maximum  of  one  part  in  107  word  error 

Transformer  coupling 

maximum  incomplete  message  rate  of  10~6 

in  the  presence  of  additive  white  gaussian 

in  a  configuration  of  one  bus  controller  on 

noise  of  140-mV  RMS  over  a  bandwidth 

a  20-ft  stub  with  a  minimum  of  100  ft  of 

of  1.0  kHz  to  4  MHz;  input  voltage  2.1V 

main  bus  cable  between  coupling  boxes;  test 

P-P,  l-l 

is  conducted  in  presence  of  magnetic  field  per 

Point  A,  figure  9  of  1553B, 

MIL-STD-462  method  RS02  (spike  test)  with 

accept/reject  Table  II-6  page  II-46 

the  limits  Of  MIL-STD-461  RS02 

4.3.3 

4.5.2.1.2.4 

Direct  coupling 

Maximum  of  one  part  in  107  word  error 

rate  in  the  presence  of  additive  white 

gaussian  noise  of  200-mV  RMS  over  a 

bandwidth  of  1.0  kHz  to  4  MHz;  input 

voltage  3.0V  p-p,  l-l 

Point  A,  figure  10  of  1553B, 

accept/reject  Table  1 1-6  page  II-47 

4.5.2.2.2.4 

03 
CO 


s 


Table  1-2.7  Remote  Terminal  Characteristics 


1553A 

1553B 
Notice  2 

A-10 

B-52 
OAS 

F-16 

A/C 

F-18 

OH-58D 

1 .  Terminal  Address 

unique 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

broadcast 

■ 

2.  Subaddress/Mode  Code 

Subaddress  0  (mode  data) 

■ 

■ 

■ 

■ 

■ 

■ 

bubaddressoi  (mode  data) 

■ 

■ 

3.  Response  Time 

4.0-7.0/us 

■ 

■ 

■ 

■ 

■ 

4.0-1  2.0/as 

■ 

4.  Transmission  Bit  Rate 

Long  term 

±0.01% 

±0.1% 

Short  term 

±0.001% 

±0.01% 

5.  Terminal  Fail-Safe 

Time  Out 

660/xs 

■ 

■ 

■ 

■ 

660-1 000 /us 

■ 

800/u.s 

■ 

■ 

6.  No-Response 

Time  Out 

6.5/xs 

■ 

14/xs 

■ 

■ 

25/mS 

■ 

Not  Specified 

■ 

■ 

■ 

7.  Coupling  Transformer 

Direct  coupled  only 

Transformer  only 

■ 

■ 

■ 

Both 

■ 

■ 

■ 

■ 

8.  Transformer  Ratio 

1 :1  ±  3% 

■ 

■ 

■ 

■ 

1:1.41  ±3% 

■ 

■ 

Unspecified 

■ 

2.8  Transmitter/Receiver  Response  Voltage  Range 


Table  I-2.8  Transmitter/Receiver  Response  Voltage  Range 


Output  Level 

Output  Voltage  Range  (V) 

Application 

18.0-27.0  p-p,  1-1 

70  ohm 

1553B,  Notice  2 

6.0-20.0p-p,  1-1 

Unspecified 

1553A 

24.0-26.0  p-p,  1-1 

140 ohm 

A-10,  B-52  OAS,  F-16A/C 

28.0-36.0  p-p,  1-1 

140 ohm 

F-18 

Input  Level 

Input  Voltage  Range  (V) 

No  Response  Range 

Application 

Transformer  Coupled 

0.86-14.0p-p,1-1 

0.0-0.2v,  p-p,  1-1 

1553B,  Notice  2 

1.0-20.0p-p,1-1 

0.0-0.4v,  p-p,  1-1 

A-10,  B-52  OAS,OH-58D 

I-34 


0.0-0.7v,p-p,1-1* 
0.0-0.9v,p-p,  1-1 


0.0-0.7V,  p-p,  1-1 
0.0-0.9V,  p-p,  1-1 
0.0-0.28v,p-p,1-1* 


F-18.1553A 
F-16A/C 


F-18 
F-16A/C 
1553B,  Notice  2 

A-10,  B-520AS.OH-58D 


1.0-20.0p-p,1-1 

1.2-8.0  p-p,  1-1 

*Not  specified  for  1553A 

Direct  Coupled 

1.0-20.0  p-p,  1-1 
1.2-8.0  p-p,  1-1 
1.2-20.0  p-p,  1-1 

Not  Allowed 


3.0  System  Design 

The  interconnection  of  subsystems  using  MIL- 
STD-1553  can  be  subdivided  into  two  categories; 
data  bus  topology  and  data  bus  control.  Other 
areas  of  concern  to  the  system  designer  are  func- 
tional partitioning,  redundancy,  and  data  bus  anal- 
ysis. Each  of  these  topics  will  be  discussed  in  this 
section. 

3.1  Data  Bus  Topology 

The  topology  of  a  data  bus  system  is  the  map  of 
physical  connections  of  each  unit  to  the  data  bus. 
Two  types  of  data  bus  topologies  exist;  single  level 
and  multiple  level  (hierarchical).  The  single  level 
bus  topology  is  the  simplest  interconnect  scheme 
and  is  the  most  commonly  used  architecture.  In 
this  approach  all  terminals  are  connected  to  a  sin- 
gle level  bus  (see  figure  l-3.1a)  or  multiple  single 
level  buses  (see  figure  1-1. 3.1b)  each  with  an  equal 
topology  relationship.  Notice  that  this  can  occur 
regardless  of  the  data  bus  redundancy  require- 
ments. The  use  of  multiple  buses  for  redundancy 
in  a  single  level  system  does  not  change  to  type  of 
topology.  A  more  detailed  discussion  of  redun- 
dancy follows  later  in  this  section. 

Multiple  level  or  hierarchical  bus  topology  is  an 
extension  of  the  single  level  concept.  If  single  level 
buses  are  interconnected  in  a  certain  manner,  data 
on  one  bus  system  will  pass  to  another  bus  system. 
These  buses  differ  from  the  multiple  bus  systems 
shown  in  figure  l-3.1b,  because  they  are  not  equal. 

Thus,  one  bus  system  is  subservient  to  another 
bus  system.  This  approach  can  be  achieved  using 
several  different  architectures  as  seen  in  figure 
I-3.2.  Several  systems  today  are  using  this 
approach  to  achieve  functional  partitioning  (e.g., 
navigation  to/from  weapon  delivery,  avionics 
to/from  stores  management,  etc.). 

All  1553B  data  bus  systems  relate  or  communicate 


with  each  other  via  two  control  schemes;  equival- 
ent levels  of  control  and  hierarchical  levels  of  con- 
trol. The  most  common  approach  is  equivalent 
levels  of  control.  In  this  approach,  coordination  is 
required  only  when  data  is  transferred.  The  auto- 
nomous operation  and  individual  error  handling 
and  recovery  schemes  remain  for  each  bus.  Since 
this  mechanization  is  the  simplest  and  achieves 
the  greatest  separation  between  data  buses,  it  is 
widely  used. 

Hierarchical  control  schemes  are  viable  and  have 
been  developed  and  analyzed  in  research  applica- 
tions, but  until  recently  had  few  applications.  With 
the  development  and  application  of  MIL-STD- 
1760A  (see  paragraph  7.2)  hierarchical  control  will 
be  applied  to  control  a  weapons  bus  from  avionic 
buses  or  store  management  system  buses.  The 
weapons  bus  may  further  control  a  1553  protocol 
type  bus  within  a  store  (missile  or  pod)  to  com- 
municate directly  with  warheads,  navigation,  com- 
munication, or  radar  sensors.  When  these 
approaches  are  discussed  in  the  literature,  the  bus 
level  inequality  is  usually  expressed  as  local  buses 
(subordinate  -  under  submission  of  another  bus) 
and  global  buses  (superior-controller  of  local 
buses).  Regardless  of  the  control  scheme  se- 
lected, each  of  these  methods  fit  into  a  single  cate- 
gory; multiple  levels  or  hierarchical. 

3.2  Data  Bus  Control 

3.2.1  Bus  Control  Mechanization 

The  second  part  of  the  bus  topology  description  is 
the  control  philosophy.  Two  terms  have  been  used 
in  the  literature  to  describe  these  control  schemes; 
stationary  master  and  non-stationary  master.  The 
stationary  master  approach  to  bus  control  occurs 
when  a  single  bus  controller  manages  the  bus 
communication  for  all  devices  on  the  data  bus.  If 
this  bus  controller  fails,  depending  on  redundancy 
requirements,  a  backup  bus  controller  can  take 
over  operation  of  the  bus.  This  takeover  procedure 
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Figure  1-3.1  a  Single  Level  Bus  Topology 
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Figure  1-3.1  b  Multiple  Single  Level  BusTopology 
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Figure  I-3.2  Multiple  Level  Bus  Topology 


usually  involves  several  actions  involving  the  data 
bus,  external  wiring  between  the  two  controllers, 
and  internal  self  test  in  both  controllers  (see  figure 
I-3.3).  The  use  of  data  bus  messages  to  keep  both 
controllers  aware  of  the  others  status  and  health 
are  usually  required.  Data  bus  synchronization 
using  clocks  or  synchronize  mode  codes  also  pro- 
vide the  two  controllers  with  usable  switchover 
data.  Internal  self  test  software  is  responsible  for 
identifying  faults  and  removing  the  faulty  unit  from 
operation.  Giving  power  control  to  the  other  pro- 
cessor (BC)  with  proper  time  delays  also  resolves 
conflicts  in  who  should  be  in  control  upon  initiali- 
zation. Dedicated  discretes  with  hardware  watch- 
dog timers  provides  yet  another  measure  of 
switchover  monitoring.  All  or  most  of  these 
approaches  are  used  today  to  achieve  switchover. 
The  development  of  a  safe  and  secure  method  to 
switch  to  the  backup  bus  controller  is  an  essential 


part  of  any  stationary  master  control  philosophy. 
When  this  bus  control  approach  is  applied  to  a 
single  level  bus  system  topology,  a  single  bus  con- 
troller will  be  used  with  a  backup  bus  controller,  as 
necessary.  However,  in  a  multiple  level  topology, 
stationary  master  bus  controllers  are  located  on 
each  data  bus  system  with  a  backup  controller  for 
each  bus  as  necessary. 

An  alternative  to  a  stationary  master  bus  control 
system  is  a  non-stationary  master  bus  control  phi- 
losophy. In  this  scheme,  multiple  bus  controllers 
can  control  the  single  data  bus  system.  Therefore, 
even  in  a  single  level  topology  several  bus  con- 
trollers can  exist.  Obviously,  to  allow  all  of  the 
controllers  the  capability  to  control  a  single  sys- 
tem, a  method  of  passing  control  from  one  con- 
troller to  another  is  essential,  because  1553B 
allows  only  one  controller  to  be  in  control  at  at 
time.  MIL-STD-1553B  uses  the  dynamic  bus  con- 
trol mode  code  to  accomplish  this  task.  As  dis- 
cussed in  section  1.4.2,  the  MIL-STD-1553B 
protocol  provides  a  method  for  issuing  a  bus  con- 
troller offer,  thus  allowing  a  potential  bus  con- 
troller to  accept  or  reject  control  via  a  bit  in  the 
returning  status  word.  The  key  to  non-stationary 
master  operation  is  to  establish  the  number  of  con- 
trollers required  by  the  application  and  when  to 
pass  control.  As  in  the  stationary  master  system, 
once  control  is  transferred  the  operation  is 
identical. 

Two  methods  have  been  used;  time  based  (pro- 
ducing a  system  similar  to  TDMA)  and  round  robin 
(producing  a  system  with  a  preordered  list  of  bus 
controller).  More  complex  schemes  have  been  dis- 
cussed where  dynamically  the  existing  controller 
polls  (using  conventional  messages)  to  establish  a 
priority  of  control  and  then  passes  the  control  to 
the  controller  with  the  greatest  need.  However, 
most  of  these  approaches  are  very  complex  and 
require  extensive  error  monitoring  to  provide  con- 
fidence that  the  system  as  a  whole  is  operational 
(only  a  single  controller  is  in  operation  —  no  more 
or  no  less). 

The  round  robin  control  mechanization  utilizes  a 
fixed  order  of  bus  control.  This  is  usually  accomp- 
lished by  assignment  of  incrementing  or  decre- 
menting addresses  to  all  potential  controllers. 
Since  a  potential  controller  is  a  remote  terminal, 
when  it  is  not  in  the  controller  mode,  it  respondsto 
its  remote  terminal  address,  when  the  dynamic  bus 
control  mode  code  offer  is  provided.  In  these  type 
of  designs,  the  potential  bus  controller  must 
accept  the  offer  to  become  the  next  bus  controller. 
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If  the  new  controller  has  no  messages  to  transmit, 
it  offers  control  to  the  next  potential  controller. 
Failures  of  potential  controllers  are  managed  by 
the  active  controller  in  one  of  two  ways;  automati- 
cally going  to  the  next  potential  controller 
(requires  extra  knowledge  on  how  to  accomplish 
this  task)  or  by  appealing  to  a  backup  controller 
whose  job  it  is  to  resolve  system  problems  and 
relate  the  results  back  to  all  controllers.  This  pro- 
vides each  controller  with  the  knowledge  needed 
to  pass  control.  Obviously,  there  are  always  design 
trades  between  increasing  intelligence  in  each 
potential  controller  or  using  a  backup  (single  point 
failure)  source  to  resolve  the  system  configura- 
tion. This  same  problem  also  occurs  at  system 
startup.  It  is  because  of  these  complexities,  that 
this  type  of  system  has  had  limited  acceptance. 


However,  with  the  growing  use  of  multiple  buses 
and  the  need  to  achieve  data  exchange  between 
bus  systems,  this  approach  is  being  considered 
more  and  more  often.  Once  again  MIL-STD-1760A 
and  other  applications  of  multiple  bus  layers  will 
yield  a  high  degree  of  intelligence attheglobal  bus 
level  and  thus  a  desire  to  maintain  independence. 
All  these  affects  will  increase  the  interest  of  the 
system  designer  toward  non-stationary  master 
systems  at  global  levels.  This  approach  also  has 
some  unique  system  problems  that  must  be 
resolved.  Since  each  potential  controller  controls 
the  bus  each  update  period  (maximum  update  rate 
of  data  transmitted  in  the  system)  and  each  con- 
troller has  different  message  transmission  require- 
ments, bus  usage  times  will  differ.  This  difference 
will   occur  between  controllers  and  between 
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update  for  a  single  controller  (see  figure  1-3.4). 
This  shifting  of  transmission  times  makes  synchro- 
nous updates  difficult.  Any  system  using  this 
method  to  achieve  integration  must  be  analyzed  to 
determine  if  it  can  accept  these  asynchronous 
data  transfers  without  time  tagging  data  or  paying 
a  heavy  penalty  in  bus  usage  (efficiency). 

The  time  based  mechanization  allocates  a  fixed 
time  for  each  potential  controller  to  control  the 
data  bus.  Once  the  maximum  update  is  known 
then  the  period  of  time  between  updates  can  be 
allocated  to  individual  controllers.  The  simplest 
appraoch  is  to  divide  the  time  equally.  However, 
this  may  not  have  any  bearing  on  the  controllers 
need  to  transmit  data  during  the  update  period. 
This  is  where  the  system  designer  must  trade  con- 
troller complexity  (different  time  bases  for  each 
potential  contoller)  versus  message  update  needs 


and  message  partitioning  between  controllers. 
This  method  allows  the  system  to  achieve  syn- 
chronous operation  at  the  cost  of  bus  system  effi- 
ciency if  equal  or  fixed  times  are  maintained.  Bus 
efficiency  is  thus  lowered  by  allocating  fixed  times 
to  each  potential  controller.  Obviously,  during  cer- 
tain periods  the  controllerwill  be  in  control  and  will 
have  very  few  requirements  (e.g.  transmit  or 
receive).  Therefore,  unused,  unrecoverable  bus 
time  produces  poor  efficiency. 

3.2.2  Error  Management 

Another  aspect  of  data  bus  control  mechanization 
is  error  management.  Regardless  of  approach,  an 
error  management  approach  is  required.  Two 
types  of  failure  condition  exist;  data  bus  system 
problems;  and  subsystem  or  sensor  problems.  The 
method  used  to  identify,  determine  the  cause,  and 
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achieve  corrective  actions  are  all  part  of  the  multi- 
plex system  control  requirements. 

The  data  bus  system  can  provide  a  communica- 
tion medium  to  support  error  analysis  associated 
with  failure  of  sensor(s).  Since  sensors  are  quite 
different,  the  only  capability  the  data  bus  system 
has  is  to  convey  the  results  of  sensor  built-in-test 
results  or  identify  a  non-communicating  sensor. 
However,  the  data  bus  system  is  totally  responsi- 
ble for  managing  its  own  errors,  including  mes- 
sage failures  and  core  element  failures  (i.e.,  bus 
controller  and  standalone  remote  terminals). 

The  1553B  standard  requires  correct  word  and 
message  completion  (1553B  paragraph  4.4.1.2). 
These  tests  plus  system  level  checking  allow  1553 
core  element  failure  analysis.  Some  examples  of 
test  results  and  correction  techniques  are  pro- 
vided in  tables  1-3.1  and  I-3.2.  No  requirement  as  to 
how  error  analysis  is  to  occur  is  provided  in  the 
standard  but  the  standard  provides  a  mandatory 
set  of  tests  for  word  and  message  validation 
(improper  sync  waveform,  invalid  Manchester 
data  bits  analysis,  number  of  data  bits  per  word, 
odd  parity,  measure  of  discontinuity  between  data 
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words  within  a  message,  and  no  response  by 
remote  terminal  to  a  message  error)  and  an 
optional  set  of  remote  terminal  status  bits  (service 
request,  broadcast  command  receive,  busy,  sub- 
system flag,  dynamic  bus  control  acceptance,  and 
terminal  flag)  to  manage  the  data  bus  system.  The 
action  to  be  taken  depends  on  the  error  identifica- 
tion and  the  error  correction  desired.  All  these 
decisions  remain  with  the  system  designer.  Error 
identification  is  the  responsibility  of  all  terminals 
connected  to  the  data  bus,  while  error  determina- 
tions and  correction  are  the  responsibility  of  the 
bus  controller  based  on  the  systems  designer 
approach. 

It  is  the  systems  designer's  responsibility  to  estab- 
lish the  systems  response  to  each  and  every  error 
identified  by  remote  terminals  or  the  bus  con- 
troller. The  error  handling  and  recovery  approach 
selected  should  be  general  in  order  to  minimize 
hardware  and  software  complexity.  Usually  the 
prime  design  issue  facing  the  designer  is:  "Howfar 
should  error  analysis  go  before  making  a  decision 
as  to  the  corrective  action  required?"  The  ability  to 
minimize  analysis  without  discarding  operational 
resources  is  the  challenge.  Therefore,  the  system 


Table  1-3.1  Error-Determination  Approach 


Error 

Identification 

Failure  Classes 

Bus  System 

Sensor 

a)  Message  error 

b)  Busy 

c)  Subsystem  flag 

d)  Terminal  flag 

e)  Parity  error  (incorrect 
odd  parity) 

f)  Improper  sync 

g)  Invalid  manchester 

h)  Improper  number 

of  data  bits  and  parity 

i)  Discontinuity  of 
data  words 

j)  No  status  word 
response 

Transmission  from  bus  controller  to 
terminal  was  decoded  with  error  condi- 
tion by  receiving  remote  terminal. 
Remote  terminal  unable  to  transmit 
or  receive  data  at  this  time. 

Remote  terminal  failure  preventing 
complete  action  by  terminal. 

Error  set  in  status  word;  data  not  usable 
by  system. 

Unknown  problem  -  ignore;  continue 
to  look  for  valid  sync. 
Error  in  message -ignore  data 
in  message. 

Error  in  message -ignore  data 
in  message. 

Error  in  message  -  ignore  data 
in  message. 

Unknown  problem  -  requires 
further  investigation. 

Remote  terminal  and  sensor  unable  to 
transmit  or  receive  data  at  this  time. 
Sensorfailure  preventing  proper 
sensor  actions. 

Remote  terminal  portion  of  sensor  inter- 
face has  failure  preventing  complete 
action  by  terminal. 

Error  set  in  status  word;  data  not  usable 
by  sensor. 

Ignore  all  data  stored  from  message. 
Ignore  all  data  stored  from  message. 
Ignore  all  data  stored  from  message. 
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Table  1-3.2  Typical  Error-Correction  Techniques 

Error  Identification  Types 

Error  Correction  Technique 

1 .  Bus  system  failures 

a)  No  status  word  response 

b)  Message  error 

c)  Parity  error 

d)  Invalid  manchester 

e)  Improper  number  of  data 
bits  and  parity 

f )  Discontinuity  of  data  words 

Retry  message  on  same/alternate  bus  n  times. 
Transmit  reset  remote  terminal  mode  code  if  retry  fails. 

g)  Busy 

Retry  message  on  same  bus  after  a  fixed  delay  time. 

h)  Terminal  flag 

If  necessary,  transmit  initiate  self-test  mode  code. 
Transmit  BIT  mode  code. 

Analyze  failure  and  determine  corrective  action,  which  may 
involve  the  following  mode  code  commands: 

Shut  down  transmitter  (001 00  or  1 01 00) 

Inhibit  terminal  flag  bit  (001 1 0) 
Transmit  reset  remote  terminal  mode  code  if  retry  fails. 

i)  Improper  sync 

Ignore  and  reset  for  valid  sync. 

j)  Subsystem  flag 

Normal  data  communication  messages  (address/subaddress) 
to  examine  sensor  BIT  discretes  or  words. 

2.  Sensor  failure 

a)  Discretes 

b)  BIT  data  word(s) 

Analyze  failure  and  determine  system-oriented  corrective  action. 

designer  should  establish  these  approaches  prior 
to  hardware  and  software  definition.  One  method 
to  convey  these  requirements  to  the  hardware  and 
software  designer  is  the  control  procedure.  Con- 
trol procedures  (see  figure  I-3.5)  define  the 
response  to  all  normal  and  abnormal  messages.  In 
addition,  control  procedures  establish  how  the 
system  is  to  initialize,  reconfigure,  synchronize, 
shutdown,  etc.  To  prepare  this  level  of  detail  the 
system  must  establish  the  hardware  and  software 
partitioning  and  communicate  the  specific  hard- 
ware design  required  to  the  hardware  manufac- 
turer and  the  software  requirements  to  the 
software  designer.  This  is  usually  accomplished 
with  a  detailed  hardware  specification  and  a  soft- 
ware requirements  document.  The  combination  of 
control  procedures  and  the  actual  hardware  imple- 
mentation yields  sufficient  data  to  develop  soft- 
ware requirements.  Then  the  software  design 
accomplishes  the  system  design  approach. 

The  failure  response  to  problems  within  the  core 
elements  of  the  data  bus  system  include  the  data 
bus,  the  remote  terminals,  and  the  primary  bus 
controller  must  be  established  prior  to  implemen- 


tation. For  the  stationary  master  scheme,  the  fail- 
ure of  the  bus  controller  causes  a  fail-safe  transfer 
to  the  backup  controller.  This  usually  begins  when 
the  primary  bus  controller  recognizes  internal 
problems  and  ceases  operation.  The  failure  to  not- 
ify the  backup  controller  of  operational  capability 
on  a  regular  basis  and  the  lack  of  bus  traffic  alerts 
the  backup  controller  to  the  fact  that  it  should 
attempt  to  gain  control.  In  addition,  hardwired  dis- 
cretes between  the  primary  and  backup  controller 
can  be  used  to  indicate  "who's  in  control",  the 
terminals  health  status  (a  discrete  which  toggles 
each  frame),  and  if  the  terminal  is  "on-line"  (capa- 
ble of  1553  communication).  The  first  signal  is 
used  during  system  startup  to  prevent  collisions 
by  the  two  controllers.  Later,  if  the  signal  is 
removed  by  the  primary  controller,  the  backup 
then  assumes  control.  The  health  indicator  is  used 
to  verify  that  the  two  controllers  are  executing  their 
software  correctly.  The  command  that  toggles  this 
line  is  usually  performed  after  completing  a  por- 
tion of  the  background  built-in-test.  Failure  to  tog- 
gle this  signal  indicates  a  software  problem  and 
that  control  of  the  bus  should  be  changed.  The  last 
signal  ("on-line")  is  again  used  during  system 
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A  positive  method  of  access  control  is  essential. 
Figure  1-3.3  shows  a  simple  method.  See  para- 
graph 3.2.1  for  a  complete  discussion  of  bus  swit- 
chover for  a  stationary  master  system.  Obviously, 
it  is  much  more  complicated  with  the  non- 
stationary  master  control  schemes.  The  problem  is 
"who  will  transfer  control  to  the  next  potential  con- 
troller" when  the  controller  presently  in  charge  has 
failed.  As  discussed  earlier  a  system  monitor  is 
usually  required  to  resolve  these  and  other  abnor- 
malities. The  design  of  the  monitor  then  becomes 
a  trade  between  system  autonomy  and  error  analy- 
sis and  correction. 

The  failure  of  a  remote  terminal  is  usually  detected 
by  bits  set  in  the  status  word  or  the  lack  of  trans- 


ifivtjsiigaieu  using  me  moae  coae  transmit  duiii- 
in-test  word  (BIT).  There  are  no  restrictions  or 
definitions  concerning  the  contents  of  the  BIT 
word.  However,  the  data  should  convey  informa- 
tion which  allows  the  buscontrollerto  takecorrec- 
tive  action.  If  internal  redundancy  exists  within  the 
remote  terminal,  the  ability  to  use  the  operational 
portion  of  the  terminal  must  be  conveyed  to  the 
bus  controller.  Otherwise,  the  system  must  recon- 
figure to  replace  the  failed  device  if  such  a  system 
reconfiguration  is  possible.  Since  most  remote  ter- 
minals use  1553  chip  sets,  the  designer  of  the  chip 
set  has  already  established  the  BIT  word  format. 
Some  chips  allow  host  (non-chip  hardware)  to 
download  some  health  data,  others  do  not.  The 
hardware  and  system  designers  should  establish 
what  is  acceptable  for  their  particular  system  and 
select  chips  appropriately. 
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Figure  I-3.5  Control  Procedures 
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The  other  core  element  is  the  data  bus  system.  A 
data  bus  system  failure  is  usually  recognized  by 
the  lack  of  communication  with  terminal(s).  In 

dual  or  greater  redundant  data  bus  systems,  alter- 
nate data  buses  can  be  used  to  re-establish 
communication. 

3.3  Functional  Partitioning  and  Data  Bus 
Element  Redundancy 

To  achieve  the  proper  functional  partitioning  of  a 
data  bus  system,  requires  the  system  integration 
knowledge  and  data  bus  system  architecture 
experience.  This  type  of  integration  must  be 
viewed  from  an  overall  integrated  approach  rather 
than  from  a  conglomeration  of  individual  sensors, 
subsystems,  controls  and  displays.  The  data  bus 
system  requires  detail  interface  definitions  and 
information  flow  to  begin  the  orderly  integration 
process.  Since  most  of  the  integration  is  achieved 
using  bus  controller  messages,  identification  of 
device  to  device  communication  begins  the  inte- 
gration process.  Before  a  topology  or  a  control 
scheme  is  established  a  functional  flow  should  be 
developed  (see  figure  I-3.6).  With  functional  flows, 
message  definitions  can  begin. 

It  is  at  this  time  that  the  functional  partitioning 
philosophy  must  be  established  if  multiple  bus  sys- 
tems are  to  be  used.  If  a  single  level  system  is 
selected,  the  following  discussion  concerning  par- 
titioning is  obviously  not  relevant.  For  multiple  bus 
topologies  two  philosophies  are  popular  today; 
partitioning  by  function  (control  and  display  bus, 
navigation  bus,  weapon  delivery  bus)  or  partition- 
ing by  redundancy  (separation  of  similar  function 
—  AHRS  from  INS).  These  philosophies  should 
not  be  mixed  in  a  single  design.  It  is  the  system 
designer's  choice  based  on  the  application  since 
neither  philosophy  has  proven  to  be  better  than 
the  other.  System  partitioning  by  function  seems 
to  be  more  prevalent  today,  because  of  the  engi- 
neering organizational  structure,  laboratories,  and 
the  need  for  parallel  development.  Also  the  system 
engineers  can  best  be  used  if  they  provide  the 
guidelines  and  general  requirements  rather  than 
be  responsible  for  a  closely  integrated  system. 
This  approach  also  allows  loosely  coupled  subsys- 
tems. The  functional  partitioning  approach  allows 
direct  messac»;s  between  similar  functions  (RT  to 
RT)  and  an  easy  transfer  method  to  redundant 
elements,  since  they  exist  on  the  same  bus  system. 
However,  since  all  the  redundant  elements  are  on 
one  bus  system,  total  bus  system  failure  must  be 
considered.  In  a  dual  redundant  system  this  would 
require  a  dual  failure,  which  is  a  remote  possibility 
for  mission  oriented  applications. 


Using  the  redundancy  philosophy,  similar  devices 
are  separated  from  each  other  and  placed  on  mul- 
tiple bus  systems.  This  provides  greater  autonomy 
and  failure  protection.  It  also  creates  more  traffic 
between  bus  systems,  if  the  redundant  elements 
share  data  or  check  each  other.  This  method  then 
requires  greater  time  for  messages  to  pass  from 
one  bus  system  to  the  other  and  an  efficient  data 
passing  mechanism  is  essential  for  multiple  bus 
systems.  Regardless  of  the  method  chosen,  parti- 
tioning begins  with  functional  interconnections 
leading  to  message  definition.  At  this  point,  the 
selection  of  the  bus  controller  scheme  can  be 
made.  The  type  of  control  (stationary  or  non- 
stationary)  and  the  level  of  redundancy  of  the  data 
bus  and  bus  controller  should  be  established.  Gen- 
erally, redundant  bus  controllers  (active  and 
backup)  are  used  in  stationary  master  systems. 
Most  non-stationary  master  systems  do  not  pro- 
vide redundant  controllers  because  of  the  exten- 
sive use  of  controllers  already.  In  the  event  of  loss 
of  an  important  or  critical  function,  the  monitor 
bus  controller  in  a  non-stationary  master  system 
can  assume  a  limited  set  of  these  functions  provid- 
ing a  degree  of  redundancy.  Data  bus  redundancy 
is  usually  dual.  MIL-STD-1553B  paragraph  4.6.3 
states  that  if  dual  redundancy  is  used,  the  system 
must  operate  in  an  active/standby  mode.  However, 
the  system  is  not  restricted  to  dual  redundancy 
and  it  can  operate  at  any  level  of  redundancy 
required  to  meet  system  requirements.  If  a  dual 
redundant  system  is  selected,  the  active/standby 
mode  can  be  implemented  in  at  least  two  ways; 
individual  devices  use  either  bus  for  communica- 
tion (selection  established  by  communication  of 


Figure  I-3.6  Multiplex  Data  Bus  Functional 
Block  Diagram  (Primary  Mode) 
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the  bus  controller  to  the  remote  terminal)  or  block 
switch  (all  devices  are  communicated  with  over 
the  same  bus  until  a  failure  and  then  all  are 
switched  to  the  redundant  bus).  The  most  com- 
mon approach  is  the  first  one  which  allows  the  bus 
controller  to  communicate  using  either  bus  with 
any  terminal.  Since  this  method  allows  the  grea- 
test flexibility  it  is  used  almost  exclusively.  This 
approach  does  require  the  bus  controller  hard- 
ware and  software  to  have  the  capability  to  distin- 
guish, on  a  message  basis,  which  bus  it  is  to  use. 

The  block  switch  mode  is  a  slightly  simpler  bus 
controller  mechanization,  since  it  is  not  message 
or  terminal  selective,  but  system  selective.  How- 
ever, this  method  limits  flexibility  and  has  not 
found  wide  usage. 

Remote  terminal  redundancy  is  obviously  equival- 
ent to  data  bus  system  redundancy  in  the  1553 
interface  area.  The  design  issue  associated  with 
the  remote  terminal  is  the  extent  of  redundancy 
occurring  in  the  circuitry  approaching  the  subsys- 
tem side  of  the  interface.  Figure  l-3.7describesthe 
functional  elements  within  a  remote  terminal  and 
shows  three  different  design  approaches  to  redun- 
dancy. In  the  first  approach,  the  analog  section  is 
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the  only  dual  redundant  section.  This  approach  is 
NOT  compatible  with  MIL-STD-1553B  dual  redun- 
dant systems,  because  the  command  word  valida- 
tion must  be  established  for  each  bus  to  meet  the 
requirements  of  the  standard.  This  is  accomp- 
lished in  the  second  and  third  approach.  The  third 
approach  uses  completely  independent  interfaces 
to  the  subsystem,  while  the  second  approach 
duplicates  only  the  minimum  circuitry  necessary 
to  meet  the  standard.  Another  design  is  being  used 
for  remote  terminals  only,  which  includes  two  dec- 
oders and  a  single  encoder.  This  method  allows  a 
terminal  to  receive  on  two  buses  while  using  only  a 
single  transmitter.  This  is  an  acceptable  approach, 
but  it  has  not  received  wide  usage.  This  will 
change  as  more  monolithic  solutions  evolve. 

The  advantages  of  the  second  approach  are  min- 
imum hardware  and  good  input/output  flexibility, 
while  the  advantage  of  the  third  approach  is  isola- 
tion between  channels.  Most  interfaces  for  both 
remote  terminals  and  bus  controllers  are  built 
using  the  second  approach.  This  approach  allows 
a  bus  controller  to  switch  buses  for  retries  without 
additional  I/O  support,  a  capability  not  available  in 
the  third  approach.  The  third  approach  is  used  in 
systems  requiring  greater  hardware  isolation 
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should  be  taken  in  using  the  third  approach  for 
active/standby  system.  The  channelization  could 
prevent  proper  operation  of  mode  codes  like  trans- 
mit last  command.  If  this  mode  code  is  received  in 
an  active/standby  bus  system,  it  must  report  the 
last  command  regardless  of  which  bus  it  was 
received  on  (Single  channel  chipsets  employed  in 
a  dual  redundant  design  will  not  meet  this  require- 
ment without  the  addition  of  external  circuitry). 

3.4  Data  and  Control  Passing  in  Hierarchical 
Networks 

With  the  advent  of  multiple  hierarchical  networks, 
it  became  necessary  to  pass  data  from  one  net- 
work to  another.  At  first  this  was  accomplished 
using  the  bus  controller  processor.  The  B52  Offen- 
sive Avionics  System  shown  in  figure  1-3.8  is  an 
example  of  early  architectures  which  used  the  mis- 
sion computer  as  the  gate  between  networks.  Note 
that  for  definition  purposes,  a  GATE  (also  referred 
to  as  a  GATEWAY)  is  used  to  pass  data  between 
similar  buses  (i.e.  a  1553B  data  bus  to  a  1760A 
weapons  bus)  both  based  on  1553B;  whereas  a 
BRIDGE  is  used  to  pass  data  between  dissimilar 
buses  (i.e.  a  1553  data  bus  and  a  high  speed  type  of 
bus).  In  the  B-52  example,  the  control  and  display 
bus  was  connected  to  the  navigation  and  weapons 
delivery  bus  network  using  two  mission  com- 
puters. 

Notice  from  the  figure  that  one  bus  network  is 
controlled  by  the  mission  computer  acting  as  the 
primary  bus  controller  while  the  other  mission 
computer  acts  as  a  remote  terminal  and  the 
backup  bus  controller.  For  the  other  bus  network, 
the  roles  of  the  two  mission  computers  are  rev- 
ersed. Data  collected  in  the  navigation  and  wea- 
pons delivery  system  is  made  available  to  the 
control  and  display  network  via  the  remote  termi- 
nal side  of  the  mission  computer.  Therefore,  the 
most  general  example  of  1553  gates  are  single 
units  acting  as  bus  controllers  on  one  network  and 
remote  terminals  on  the  other  network.  However, 
two  other  approaches  are  possible:  remote  termi- 
nals on  both  networks  and  bus  controllers  on  both 
networks.  Figure  I-3.9  shows  each  configuration. 
The  least  likely  architecture  is  both  remote  termi- 
nals (configuration  II).  This  configuration  will  be 
discussed  briefly  because  of  its  drawbacks.  The 
remote  terminals  in  this  configuration  receive  data 
asynchronously  on  each  bus  network,  thus  requir- 
ing extensive  data  buffering  or  inter-bus  network 
synchronization  to  prevent  data  contamination. 
This  configuration  requires  data  protection  to  pre- 


the  same  time  the  same  data  is  being  transmitted 
on  the  other  bus  network.  There  are  hardware  and 
software  methods  of  dealing  with  this  problem,  but 
it  requires  extra  effort  to  operate  smoothly. 

The  architecture  of  configuration  III  is  most  often 
seen  in  modern  systems  when  a  bus  controller- 
/processor  controls  multiple  data  bus  networks  in 
a  synchronous  fashion.  Since  control  resides 
within  a  common  computer,  synchronization  and 
data  mapping  control  from  one  network  to  another 
is  quite  easy  to  accomplish.  The  most  popular 
method  is  to  operate  all  bus  networks  synchro- 
nously and  globally  map  data  in  and  out  of  large 
memory  areas  using  message  pointer  tables  (see 
paragraph  3.7.1  on  subaddressing)  that  directs  the 
data  arriving  from  one  bus  network  into  a  common 
area  which  is  accessible  by  the  other  network  for 
transmission.  This  reduces  or  eliminates  the  inter- 
nal data  movement  required  to  pass  messages 
from  one  network  to  the  other.  In  this  configura- 
tion, navigation  data  can  be  passed  to  stores  man- 
agement networks  without  the  computer  moving 
the  data  internally.  Another  primary  reason  to  syn- 
chronize the  control  of  the  two  networks  from  a 
single  unit  is  to  reduce  the  data  latency  time 
between  networks.  Since  control  of  both  networks 
resides  in  one  computer,  the  knowledge  of  when 
time  critical  data  has  arrived  and  is  available  for 
transmission  to  other  users  is  always  present. 

The  category  I  configuration  is  the  most  com- 
monly used  for  a  gate  in  todays  architectures 
because  it  supports  a  global  network  feeding  the 
local  networks  or  visa  versa.  Today's  hierarchical 
bus  network  structures  are  composed  of  two  types 
of  local  networks:  data  source  networks  and  data 
sink  networks.  This  can  best  be  explained  by  exa- 
mining a  few  examples.  If  a  navigation  local  bus 
existed  in  a  hierarchical  architecture,  its  primary 
function  would  be  to  provide  source  data  to  other 
networks.  In  other  words,  most  of  the  data  gener- 
ated would  have  destinations  outside  the  local  net- 
work. Contrast  this  with  a  control  and  display 
network.  Its  function  is  to  sink  data  from  many 
other  networks.  Only  man-machine  control  data  is 
likely  to  be  transmitted  outside  of  this  local  net- 
work. As  you  can  tell  from  the  example,  no  network 
is  completely  unidirectional,  but  data  bus  traffic 
will  predominate  in  one  direction  or  the  other. 
Local  networks,  li  ke  these,  tend  to  be  remote  termi- 
nals on  global  buses  in  large  architectural  systems 
and  bus  controllers  on  their  local  networks. 

As  a  rule  of  thumb,  it  is  always  better  to  be  a  bus 
controller  if  the  unit  is  a  source  of  data  and  a 
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remote  terminal  if  it  is  a  sink  of  data.  Obviously,  the 
benefit  of  bus  control  is  it  allows  the  subsystems 
timing  control  thus  providing  source  data  fresh- 
ness. The  counter  is  also  true,  if  the  network  is  sink 
oriented,  the  role  of  a  remote  terminal  is  more  than 
satisfactory.  However,  often  these  simple  rules  are 
not  always  practical  in  the  architecture  selected. 
Notice  in  the  example  of  figure  1-3.10.  In  thisexam- 
ple,  a  mission  computer  is  used  to  perform  control 
of  multiple  global  buses  acting  as  a  configuration 
III  gate,  while  local  buses  (both  sources  and  sinks) 
are  configured  as  configuration  II  gates.  Thus  the 
design  of  a  configuration  II  gate  must  be  capable 
of  data  transfers  in  either  direction.  Generally,  the 
data  will  have  a  definite  direction,  primarily  in  or 
out  of  the  network,  not  both. 

In  the  examples  discussed  so  far,  a  large  mission 
computer  was  used  with  its  powerful,  often  proces- 
sor based  input/output  section,  to  perform  the 
functions  of  a  configuration  II  or  III  gate.  These 
units  built  by  traditional  airborne  computer  manu- 
facturers often  have  very  capable  input/output  cir- 
cuits which  can  perform  either  the  role  of  bus 
controller  or  remote  terminal.  However,  with  the 
application  of  MIL-STD-1760A  (see  paragraph  7.2 
for  a  discussion  of  the  standard)  in  airborne  1553B 
networks,  the  need  has  developed  for  simple  con- 
figuration II  gates  as  shown  in  the  weapons  bus  of 
figure  1-3.10.  The  generic  weapon  interface  unit  is 
one  of  several  units  connected  to  the  stores  bus 
network  as  a  remote  terminal  and  to  the  weapons 
bus  network  as  a  bus  controller.  Many  other  simple 
hierarchical  architectures  may  choose  the  same 
approach  as  opposed  to  complex  mission  compu- 
ters. Therefore,  a  need  has  developed  for  a  simple, 
almost  hardware  intensive,  configuration  II  gate. 
The  function  of  this  device,  (see  figure  I-3.9)  is  to 
receive  and  transmit  1553  data  as  a  remote  termi- 
nal on  a  higher  level  bus  and  transmit  and  receive 
1553  data  on  a  lower  level  bus  as  a  bus  controller. 
The  features  of  this  gate  can  vary  from  a  unit  as 
powerful  as  any  gate  built  within  a  mission  compu- 
ter to  a  gate  that  can  only  carry  out  one  message  at 
a  time  from  the  higher  level  bus  controller.  With 
these  extremes  in  mind  and  with  the  type  of  data 
flow  that  will  be  seen  on  the  lower  level  bus  (perio- 
dic or  aperiodic),  two  basic  design  concepts  have 
evolved  in  industry:  transaction  table  controllers 
and  peeling  controllers.  Each  of  these  units  will  be 
described  along  with  some  of  the  reasons  for 
determination  of  which  is  best  for  a  given 
application. 

The  transaction  table  gate  takes  its  name  from  the 
method  it  uses  to  perform  the  bus  controller  func- 
tion. Transaction  tables  are  lists  of  instructions 
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which  are  downloaded  into  the  gate  to  direct  the 
hardware  to  perform  typical  bus  controller  func- 
tions: transmit  messages,  receive  messages,  use 
mode  code  commands,  skip  messages  (no-ops), 
jump  from  one  list  of  messages  to  another,  start, 
stop,  use  bus  A  or  bus  B,  retry,  interrupt  on  mes- 
sage transmission  or  reception,  etc.  All  the  fea- 
tures of  a  normal  bus  controller  are  built  as 
instructions  to  the  hardware.  These  called  Chan- 
nel Control  Words  (CCW)  (see  paragraph  5.1.1  for 
basic  discussion  on  bus  control  and  table  1-5.1). 
Since  each  set  of  CCWs  describes  a  single  mes- 
sage, multiple  sets  of  CCWs  linked  togetherforma 
minor  cycle  (see  figure  1-5.1).  Since  the  flexibility 
exists  to  string  messages  together,  periodic  mes- 
sage strings  can  be  built.  Also  error  handling  and 
recovery  techniques  are  available  using  a  fixed 
error  handling  message  string.  Generally,  if  a  sta- 
tus word  is  not  received  or  if  received  with  errors, 
the  limited  computing  capacity  in  this  level  of  a 
gate  requires  error  analysis  and  recovery  to  be 
accomplished  in  the  higher  level  bus  controller 
and  passed  back  to  the  gate  as  a  new  set  of  CCWs 
or  a  change  of  the  existing  CCW  string  (e.g.  no- 
ops  messages  to  a  failed  unit).  The  ability  to 
dynamically  download  changes  to  the  CCW  or 
new  CCW  strings  is  also  needed  to  support  aperio- 
dic and  time  critical  messages  through  the  gate  to 
the  subsystems  at  the  lower  level.  Because  of  its 
construction  of  tables,  this  type  of  gate  performs 
very  effectively  when  periodic  traffic  predominates 
the  lower  level  bus  network.  To  support  time  criti- 
cal messages,  they  must  be  prepositioned  or  the 
bus  controllers  internal  message  position  (instruc- 
tion address  pointer)  must  be  available  to  the 
upper  level  bus  controller  in  order  to  link  in  the 
time  critical  message.  This  is  an  overhead  inten- 
sive function  and  should  occur  on  as  few  occa- 
sions as  possible.  However,  it  is  a  very  usable 
controller  method  and  can  be  performed  in  a 
timely  manner.  All  system  timing  should  be  met 
with  this  approach  because  it  fundamentally  is  no 
slower,  and  often  times  faster,  than  the  upper  level 
bus  controller  which  initiated  the  traffic.  Time  criti- 
cal messages,  such  as  clock  updates  and  weapons 
release,  can  also  be  performed  using  transaction 
table  gates  supported  by  a  1553  bus  controller  on 
the  higher  bus  network.  As  can  be  seen  with  the 
use  of  transaction  tables  for  multiple  CCW  down- 
loads, aperiodic  communications  links,  normal 
data  traffic,  and  error  recovery  procedures,  con- 
siderable subaddress  expansion  will  be  required 
by  the  remote  terminal  (see  paragraph  3.7.1.1  for  a 
discussion  on  expanded  subaddressing).  Also  the 
local  bus  performance  and  data  exchange 
between  networks  will  work  smoother  if  the  higher 
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level  and  lower  level  buses  are  synchronized.  Syn- 
chronization of  the  two  buses  is  achievable  using 
1553B  synchronize  mode  code  with  the  data  word 
command  described  in  paragraph  3.6. 

The  second  method  used  to  meet  the  configura- 
tion II  gate  is  known  as  peeling.  The  name  is 
derived  from  the  procedure  used  to  generate 
instructions  to  the  gate.  Each  message  passed, 
from  the  bus  controller  on  the  higher  level  bus,  to 
the  gate  contains  up  to  two  words  at  the  start  of  the 
data  message  which  are  peeled  off  the  message 
(not  part  of  the  message  data  content)  as  instruc- 
tions to  be  used  by  the  gate  in  the  processing  of  the 
message.  Usually,  the  first  word  contains  mode 
information  (e.g.  message  type  BC-RT,  RT-BC, 
usually  not  capable  of  an  RT-RT  transfer),  bus  to 
be  used  (A  or  B),  retry  options,  etc.).  The  second 
word  is  the  complete  command  word  for  the  lower 
level  bus.  The  remaining  words  of  the  message 
constitute  the  data  words  of  the  message  (maxi- 
mum of  30  data  words).  Note  that  MIL-STD-1760A 
(see  paragraph  7.2)  limits  weapons  bus  messages 
to  30  words  in  order  to  support  this  gate  technique. 
This  approach  works  well  for  aperiodic  and  time 
critical  messages  because  the  message  itself  con- 
tains the  data  that  is  to  be  passed  to  the  lower  level 
bus.  The  peeling  technique  is  much  less  effective 
when  trying  to  get  the  lower  bus  to  source  (trans- 
mit) data  to  the  higher  bus  levels.  In  order  to  get 
data  from  the  lower  level  to  the  higher  level  net- 
work, a  two  word  message  is  transmitted  to  the 
gate  which  becomes  the  transmit  command  on  the 
lower  bus.  At  some  later  time,  the  higher  level  bus 
controller  will  transmit  a  new  message  to  the 
remote  terminal  (gate)  to  collect  this  data.  This  two 
step  process  is  somewhat  difficult  for  aperiodic 
messages,  but  extremely  time  consuming  for  peri- 
odic traffic.  Figure  1-3.11  shows  the  protocol 
sequence  required  to  support  this  technique. 

3.5  Network  Startup  and  Shutdown 

The  system  designer  develops  the  operatinal  capa- 
bility of  the  1553  network  by  establishing  the 
options  within  1553  which  the  particular  system 
requires.  Then  the  designer  establishes  the  mes- 
sage mapping  requirements  and  their  update 
rates.  Since  1553  was  designed  to  perform  primar- 
ily with  periodic  message  traffic,  each  periodic 
message  will  have  a  source,  destination,  update 
rate,  and  periodic  position  in  selected  minor 
frames.  However,  the  reality  of  1553  systems  is  that 
they  must  be  started  and  stopped.  Since  the  sys- 
tem usually  operates  in  the  periodic  too  little  atten- 
tion is  directed  at  starting  and  stopping  of  the 
system.  Why  should  this  be  a  problem?  In  most 
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Figure  1-3.1 1  Protocol  to  Support  Peeling  Gates 


applications  power  Is  applied  to  a  few  elements, 
which  initialize  and  then  startup  others  or  all  units 
are  powered  on  when  their  power  bus  receives 
power.  Asynchronously  electrical  bus  power 
initialization  yields  subsystems  in  various  stages 
of  initialization.  The  problem  is  identical  in  shut- 
down. The  error  monitoring  and  control  logic  of 
the  bus  controller  utilizes  the  fact  that  a  terminal  is 
not  communicating  as  a  sure  sign  of  trouble.  Pre- 
vious designs  have  been  known  to  attempt  com- 
munications with  a  terminal  which  was  either  not 
powered  or  had  not  completed  its  internal  self  test 
and  placed  itself  "on-line".  Having  failed  communi- 
cations attempts,  the  bus  controller  terminal 
"dead",  removed  its  messages  from  the  periodic 
lists,  and  reported  the  failure  to  the  maintenance 
program.  Therefore,  this  logic  must  recognize 
startups  and  shutdowns  as  conditions  where  peri- 
odic messages  may  not  occur  due  to  the  subsys- 
tem being  powered  off.  Obviously  at  some  point  in 
any  1553  network,  periodic  communication  can 
not  exist  successfully  because  too  many  mes- 
sages in  the  system  are  missing.  The  system 
designer  needs  to  establish  the  minimum  message 
list  necessary  to  continue  to  operate  a  particular 
periodic  network.  When  a  1553  network  is  not 
operating  in  a  periodic  fashion,  only  minimal  activ- 
ity is  possible.  Aperiodic  operations  can  be  used 
by  the  bus  controller  to  establish  the  primary  bus 
controller  and  to  initialize  various  1553  subsys- 
tems. Initialization  usually  consists  of  the  follow- 
ing: 

a)  initial  communication  with  subsystems  to 
determine  their  powered  on  state  and  health. 
Usually  a  unique  subaddress  which  provides 
subsystem  health  data  is  chosen. 

b)  some  subsystems  require  extensive  initializa- 
tion including  program  loads,  system  parame- 
ters, unique  subsystem  constants,  time,  etc. 
These  messages  are  handled  aperiodically 
with  the  subsystem  prior  to  initiating  periodic 
traffic. 

c)  system  synchronization  (see  paragraph  3.6on 
synchronization  of  terminals). 

Once  a  sufficient  number  of  subsystems  exist 
(have  been  initialized  and  are  "on-line")  within  the 
network  to  begin  minimal  operation,  the  bus  con- 
troller can  begin  periodic  message  (minimal  list) 
communications.  After  periodic  communication 
begins  on  a  network  basis,  all  non-communicating 
terminals  will  be  dealt  with  by  error  handling  and 
recovery  logic  which  usually  reports  to  application 
software  that  these  subsystems  are  non-opera- 
tional and  presumed  failed.  Therefore,  entering 
periodic  processing  too  soon  can  cause  false  error 


reporting.  If  the  bus  controller  later  conducts  a  poll 
of  all  possible  subsystems,  late  powered  devices 
can  be  initialized  and  brought  into  the  network, 
often  upgrading  the  system  to  a  more  capable 
mode.  Prior  to  periodic  communication  with  these 
new  devices,  extensive  aperiodic  communication 
may  be  necessary.  This  could  even  be  larger  that  at 
normal  startup  time,  if  the  subsystem  requires 
knowledge  of  the  present  state  of  the  network. 

Another  important  case  which  needs  to  be  consi- 
dered is  the  initial  checking  and  monitoring 
between  the  primary  and  the  backup  controllers.  If 
one  of  the  methods  in  which  the  backup  controller 
determines  it  should  takeover  control  of  the  bus  is 
detection  of  bus  dead  time  (a  period  of  inactivity 
on  either  bus  usually  on  the  order  of  several  minor 
frames),  then  the  startup  sequence  has  all  the 
ingredients  for  a  bus  collision  between  the  two 
controllers.  To  prevent  this  from  occurring,  one  of 
two  things  must  be  done:  a)  always  power  up  the 
primary  controller  first  such  that  it  will  have  com- 
pleted its  internal  tests  and  will  communicate  on 
the  bus  first,  or  b)  program  a  software  time  delay 
into  the  backup  controller's  bus  control  program 
such  that  it  will  wait  a  "reasonable"  amount  of  time 
after  it  completes  its  internal  self  test  before 
attempting  to  take  control  of  the  bus. 

Generally,  error  handling  and  recovery  software 
deals  with  startup  and  shutdown  in  a  different 
manner  than  normal  operation,  due  to  the  appar- 
ent error  conditions  that  exist  because  of  asynch- 
ronous power  control  and  subsystem  warmup.  If 
power  control  of  the  network  is  available  within  the 
processor  acting  as  the  bus  controller,  system  star- 
tup can  be  a  much  more  coordinated  operation. 
The  same  is  true  for  shutdown.  If  this  is  the  case, 
usually  the  bus  controller  is  the  first  system  on-line 
and  the  last  system  off-line.  This  is  often  very 
important  in  military  systems  which  can  contain 
classified  data.  Often  the  bus  controller  execu- 
tive/application software  is  responsible  for  com- 
manding classified  data  erasure  in  other  subsys- 
tems and  finally  within  itself  prior  to  power 
removal.  If  the  bus  controller  is  not  responsible  for 
power  control,  the  startup  length  will  depend  on 
how  long  it  takes  the  system  to  reach  a  minimum 
capability. 

3.6  System  Synchronization  and  Protocol 

1553  systems  are  synchronized  to  allow  an  orderly 
processing  approach  to  data  arrival  and  departure. 
Most  systems  process  data  at  fixed  update  rates 
(i.e.  mostly  binary  rates,  however  some  decimal 
based  systems  do  exist),  where  on  one  cycle  input 
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aata  messages  are  received  and  on  tne  next  one  or 
more  cycles  the  processing  of  that  data  occurs, 
and  on  a  future  cycle  data  transmitted.  Thus,  syn- 
chronous operation  must  be  timed  to  achieve  the 
input,  process,  and  output  procedures.  If  the  soft- 
ware in  the  terminal  is  to  process  the  data  during  a 
certain  interval,  a  flag  is  required  to  identify  when 
all  the  required  data  has  arrived  and  processing 
can  begin.  Most  1553  systems  use  a  synchroniza- 
tion signal  to  announce  (flag)  this  occurrence.  The 
synchronize  signal  can  be  the  synchronize  with  or 
without  data  word  mode  code  [00001  or  10001].  If 
the  synchronize  without  data  word  mode  code  is 
used,  only  a  time  "tick"  is  announced  not  a  specific 
frame  number.  Therefore,  generally  the  synchron- 
ize with  data  word  mode  code  is  used  to  convey 
the  event.  The  smallest  increments  of  time  (high- 
est periodic  data  rate)  is  usually  called  a  minor 
cycle  or  minor  frame.  Minor  cycles  are  most  often 
initiated  by  a  system  timer  within  the  bus  controller 
that  interrupts  the  bus  control  software  and 
declares  "it's  time  to  start  a  new  frame."  When  this 
occurs,  the  bus  controller  usually  completes  the 
message  in  process  and  then  decides  if  all  of  the 
planned  periodic  transmissions  have  been  com- 
municated for  the  present  cycle.  If  not,  the  minor 
cycle  must  be  completed  or  terminated.  Systems 
which  fail  to  complete  a  particular  minor  cycle 
cause  terminals  to  miss  their  periodic  data  update. 
Also  if  minor  cycles  continually  exceed  their  allo- 
cated time,  the  system  will  "jitter"  in  its  periodicity. 
Both  of  these  problems  can  cause  serious  systems 
problems  and  solutions  need  to  be  built  into  the 
system  to  deal  with  them.  A  "rule  of  thumb"  which 
has  been  used  in  several  systems  is  to  allow  the 
minor  frame  to  overflow  (extend  the  minor  cycle 
until  completed)  up  to  one  full  minor  cycle.  After 
this  time,  the  bus  controller  should  either  go  on  to 
the  next  minor  frame  or  relinquish  control  to  the 
backup  bus  controller. 

A  given  minor  cycle  can  be  described  (see  figure 
1-3.12)  as  the  time  the  system  requires  to:  a)  syn- 
chronize appropriate  remote  terminals,  b)  transmit 
and  receive  all  periodic  communications  sche- 
duled for  this  time  interval,  c)  transmit  and  receive 
any  aperiodic  request  generated  by  the  bus  con- 
troller or  remote  terminals  (via  the  service  request 
bit  in  the  status  word  and  the  transmit  vector  word 
mode  code),  d)  transmit  or  receive  background 
messages  (multiple  messages  exceeding  32  data 
words  occurring  over  a  period  of  time,  i.e.  mass 
transfers  and  bulk  data  such  as  data  bases  or  pro- 
gram loads)  which  do  not  require  completion  this 
frame,  and  e)  bus  controller  polling  of  subsystem 
status  and  health  messages.  Items  d)  and  e)  will 


occur  only  on  a  "time  available  basis."  Notice  that 
the  1553  synchronize  with  data  word  mode  code 
example  provides  a  method  of  synchronizing 
remote  terminals  using  minor  cycle  numbers.  It 
also  provides  a  method  of  updating  an  internal  real 
time  clock  with  a  resolution  of  15  bits.  Using  the 
data  bus  to  transfer  system  time  can  be  done  if 
exact  time  is  not  required.  Resolutions  under  100 
microseconds  are  achievable  if  special  hardware 
is  provided  in  the  terminal  to  store  the  arrival  of  the 
data  word  and  read  and  save  the  internal  reading 
of  the  terminal's  clock.  With  both  the  received 
clock  word  and  the  internal  clock  value  upon 
reception,  software  can  reset  the  clock  by  the  off- 
set or  ignore  the  difference  due  to  the  small  error 
that  exist.  As  can  be  seen  in  the  example  data 
word,  (figure  1-3.12)  a  method  to  achieve  subad- 
dress  mapping  commands  is  provided  (see  para- 
graph 3.7.1  for  subaddress  mapping  discussion). 
By  setting  or  resetting  the  time,  update  minor 
cycle,  and  update  subaddress  mapping  bits,  the 
data  word  can  convey  up  to  several  encoded 
actions  for  a  terminal  with  a  single  mode  code 
transmission.  An  example  of  the  events  that  would 
occur  during  a  typical  minor  cycle  using  the  fea- 
tures described  above  for  the  synchronize  with 
data  word  mode  code  are  as  follows: 

a)  bus  controller's  real  time  internal  clock  inter- 
rupts its  software  indicating  that  it's  "time  to  start  a 
new  minor  cycle". 

b)  the  bus  controller  software  determines  that  all 
mandatory  messages  are  completed  from  the  pre- 
vious minor  cycle. 

c)  the  bus  controller  transmits  a  synchronize 
with  data  word  mode  code  to  N  terminals  requiring 
real  time  clock  updates  this  frame  (usually  many 
frames  can  elapse  between  clock  updates  to  a 
given  terminal).  This  can  be  broadcasted,  thus 
updating  all  terminals  using  only  a  single  mode 
code  message. 

d)  the  bus  controller  transmits  synchronize  with 
data  word  mode  code  to  all  terminals  (discrete  or 
broadcast)  requiring  synchronization.  The  data 
word  is  encoded  to  indicate  minor  cycle  update, 
minor  cycle  number,  subaddress  mapping  data, 
and  the  subaddress  mapping  number.  Since  the 
next  traffic  is  periodic  messages,  the  terminal  can 
be  designed  to  accept  the  same  subaddress  map- 
ping number  for  a  given  minor  frame  (usually  both 
encoded  values  are  identical). 

e)  the  bus  controller  utilizes  command  words  to 
perform  all  periodic  communications  required  for 
this  particular  minor  frame. 

f)  if  time  critical  messages  must  be  introduced 
during  the  periodic  traffic,  a  synchronize  with  data 
word  mode  code  MIGHT  be  used  to  a  specific 
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Figure  1-3.12  Message  Transmission  During  a  Minor  Cycle 
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terminal  to  switch  its  subaddress  mapping  number 
to  an  aperiodic  (interrupt  upon  message  arrival) 
table.  If  this  occurs,  the  terminal  will  need  to  be 
returned  to  its  periodic  subaddress  mapping 
number  with  another  synchronize  with  data  word 
mode  code.  Notice  that  changes  can  be  made  with 
subaddress  mapping  numbers  without  affecting 
the  minor  cycle  number. 

g)  at  the  completion  of  periodic  traffic,  some  ter- 
minals may  be  involved  in  aperiodic  communica- 
tions (foreground,  background,  time  critical).  This 
is  accomplished  by  switching  to  the  appropriate 
subaddress  mapping  table  for  each  terminal.  Each 
process  may  require  use  of  the  synchronize  with 
data  word  mode  code. 

h)  the  final  activity  in  a  given  cycle  may  be  to 
switch  to  a  set  of  communications  which  is  really  a 
background  messge  list.  This  list  contains  a  set  of 
messages  which  request  and  collect  1553  status 
and  subsystem  health  and  can  be  stopped  when 
the  time  runs  out  for  the  minor  cycle. 

i)  return  to  a)  or  dead  bus  time  until  a)  occurs. 

3.7  Data  Control 

3.7.1  Subaddress  Selection/Operation  and  Data 
Storage 

1553B  remote  terminals  utilizes  a  5  bit  address  (bit 
times  4-8)  within  the  command  word  to  identify 
data  reception  requests  or  data  transmission 
requests.  The  bus  controller  also  specifies  which 
message  set  within  the  terminal  is  to  communicate 
based  on  the  5  bit  subaddress  field  (bit  times  10- 
14).  Two  subaddress  codes  (00000  and  11111)  are 
used  to  designate  a  mode  code,  therefore  30  sub- 
addresses  are  available  (30  transmit  and  30 
receive)  for  data  use. 
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1553B  does  not  assign  any  subaddresses.  How- 
ever, Notice  2  says  "a  data  wrap-around  receive 
and  transmit  subaddress  of  30  (11110)  is  desired." 

The  maximum  number  of  data  words  required  to 
be  received/transmitted  is  equal  to  the  maximum 
word  count  the  terminal  is  capable  of  for  any  sub- 
address.  This  additional  requirement  was  added  to 
provide  the  bus  controller  with  a  method  of  per- 
forming data  pattern  continuity  (Manchester  enco- 
ding/decoding) through  a  terminal's  front  end 
(1553  hardware)  and  to  the  beginning  of  the  sub- 
system interface  (i.e.  memory  buffer).  Also  MIL- 
STD-1760A  Notice  2  and  Notice  3  define 
subaddresses  (see  paragraph  7.2  for  a  discussion 
of  MIL-STD-1760A).  System  2,  the  nuclear  wea- 
pons specification,  also  specifies  certain  subad- 
dresses for  buses  having  nuclear  weapons  as 
remote  terminals  (see  paragraph  7.3  for  a  discus- 
sion on  System  2).  Priorto  release  of  these  notices, 
the  industry  had  consistently  been  using  receive 
subaddress  30  as  an  interrupt  and  transmit  subad- 
dress 30  as  a  subsystem  health  message.  Also 
industry  has  typically  selected  lower  number  sub- 
addresses  for  data  messages  when  only  afew  were 
required.  Table  I-3.3  shows  the  subaddresses  iden- 
tified in  the  standards  and  specifications  today 
(7/87).  As  can  be  seen  from  this  list,  a  growing 
number  of  selected  subaddresses  are  being 
assigned,  which  may  conflict  with  existing  equip- 
ment. Also  Notice  2  requires  remote  terminals 
implementing  the  broadcast  option  to  be  capable 
of  distinguishing  between  broadcast  and  non- 
broadcast  messages  to  the  same  subaddress.  This 
is  a  new  capability  which  does  not  exist  in  most 
hardware  today  (7/87). 

The  system  designer  has  always  been  concerned 
about  address  and  subaddress  assignments.  The 


Table  I-3.3  Subaddress  Usage 


Standard/Specification 

Usage 

Length 

1.1553B  Notice  2 
SA30  R/T 

Data  word  wrap-around 

Equal  to  longest  data  message  of  subsystem. 

2. 1760A  Notice  2 
SA  1T 
SA  8  R/T 
SA  1 9  R/T 
SA27  R/T 

Store  identification 
Test  use  only 
Nuclear  weapons  only 
Nuclear  weapons  only 

All  1 760A  Notice  2  and  3  messages 
are  30  words. 

3. 1760A  Notice  3 
SA  1 1  R/T 
SA  1 4  R/T 

Store  control/monitor 
Store  mass  data  transfers 

All  1 760A  Notice  2  and  3  messages 
are  30  words. 
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proper  use  and  selection  of  subaddressing  can 
save  considerable  embedded  protocol  in  data 
messages.  Often  mass  transfers  of  data  (greater 
than  one  32  word  message)  occurs  in  1553  sys- 
tems. With  proper  use  of  subaddresses  and 
memory  mapping,  multiple  32  word  messages  can 
be  mapped  into  a  contiguous  memory  area.  This 
can  be  accomplished  by  assigning  N  (usually  16or 
less)  sequential  subaddresses  and  then  transmit- 
ting from  or  receiving  these  subaddresses  and 
mapping  to  a  contiguous  block  of  memory.  With 
the  normal  features  of  1553B,  an  error  can  be 
detected  and  messages  retired.  Also  this  method 
does  not  require  any  particular  order  to  the  string 
of  messages.  In  contrast,  using  an  embedded  pro- 
tocol in  1553B  data  messages  would  require 
adherence  to  message  order,  sequence,  and 
extensive  error  monitoring  and  correcting,  which 
is  not  required  with  a  set  of  sequential  subad- 
dresses. Another  area  where  proper  subaddress 
selection  is  necessary  is  for  messages  that  require 
the  terminal  to  interrupt  and  begin  working  on  the 
data  immediately  upon  arrival.  These  are  usually 
aperiodic  messages  which  require  immediate 
attention  by  the  subsystem.  To  meet  this  demand, 
one  or  more  subaddress  may  be  dedicted  to  inter- 
rupt on  reception  or  transmission. 

A  third  category  of  messages  are  safety  related. 
These  might  include  flight  safety  or  weapon  safety 
(conventional  or  nuclear).  In  these  cases,  subad- 
dresses are  spaced  digitally  (i.e.  maximum  ham- 
ming distance)  to  prevent  single  or  multiple 
subaddress  bit  encoding/decoding  errors  from 
causing  the  received  data  from  arriving  at  an  incor- 
rect internal  memory  location  or  a  transmitted 
message  coming  from  an  incorrect  memory  area. 
Each  of  these  three  categories  of  message  along 
with  the  needs  of  complex  subsystems  has 
increased  the  pressure  on  finding  sufficient  subad- 
dresses when  only  30  transmit  and  30  receive  are 
available.  Early  in  the  1553  development  process 
this  problem  became  apparent,  when  two  compu- 
ters communicating  with  each  other  via  the  1553 
data  bus,  exceeded  30  data  messages.  Therefore, 
the  need  for  expanded  subaddressing  was  real- 
ized. The  basic  idea  has  been  used  for  many  years. 
Previous  designs  have  employed  the  first  data 
word  as  a  flag  or  control  word  to  provide  a  new 
subaddress  for  the  remaining  data  words.  This 
obviously  carries  and  overhead  of  word  count 
reduction.  However,  in  recent  years  a  more 
generic  usage  of  these  techniques  has  developed, 
which  allows  application  to  any  remote  terminal 
needing  more  subaddresses.  This  method  is  dis- 
cussed next. 


3.7.1.1  Extended  Subaddressing 

The  ability  to  request  a  remote  terminal  to  remap 
its  30  subaddresses  as  a  function  of  time,  minor 
frame  processing,  or  message  type  (periodic,  ape- 
riodic, background,  time  critical)  has  been 
accomplished  by  tying  message  mapping  and  syn- 
chronization together  in  the  system.  To  synchron- 
ize a  1553B  system  two  mode  codes  are  available: 
synchronize  with  data  word  (mode  code  17-10001) 
and  synchronize  without  data  word  (mode  code 
1-00001).  Synchronize  with  data  word  is  used  to 
allow  the  system  designer  to  identify  which  minor 
cycle  or  frame  the  remote  terminal  is  to  enter.  Most 
systems  operate  with  less  than  100  frames  per 
major  cycle  (time  required  for  all  periodic  traffic  to 
be  transmitted  once). 

The  data  word  in  the  synchronize  with  data  word 
mode  code  allows  the  controller  to  switch  subad- 
dress mapping  tables  at  anytime.  The  combining 
of  synchronize  and  message  mapping  is  shown  in 
figure  1-3.13,  where  the  data  word  field  is  subdi- 
vided into  a  minor  cycle  number  and  an  independ- 
ent subaddress  mapping  field.  This  allows  the 
mapping  and  minor  cycle  change  to  occur 
together  or  separately.  If  the  subaddress  field  has 
one  or  more  additional  bits,  the  higher  binary 
numbers  (numbers  greater  than  the  number  of 
minor  cycles)  can  be  used  for  aperiodic  message 
mapping  (foreground  and  time  critical),  back- 
ground message  mapping  (multiple  messages 
which  do  not  complete  within  a  minorframe),  and 
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Figure  1-3.13  Synchronize  Data  Word 
Format  Example 
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large  data  transfer  maps.  Included  in  the  large  data 
transfer  maps  can  even  be  program  downloads. 

3.7.2  Data  Buffering  and  Validity 

Message  validity  requirements  within  1553B 
necessitate  the  buffering  of  the  entire  receive  mes- 
sage until  validity  of  the  last  data  word  can  be 
determined.  The  matter  is  further  complicated  by 
the  desire  to  ensure  that  transmitted  data  from  a 
remote  terminal  is  from  the  same  sample  set. 
Mechanizations  which  have  been  implemented  to 
meet  these  needs  include:  first-in/first-out  (FIFO) 
buffers  contained  within  the  Bus  Interface  Units 
(BIU)  circuitry  and  standard  memory  devices 
which  employ  a  buffer  switching  scheme.  The  use 
of  the  first  concept,  a  FIFO  memory,  is  fairly 
straight  forward.  However,  to  ensure  data  conti- 
nuity, a  direct  memory  access  (DMA)  cycle  long 
enough  to  read  or  write  the  total  word  count  of  the 
messge  is  required.  In  todays  processor  systems, 
this  timing  constraint  possess  no  problems.  For 
the  reception  of  data,  the  1553  protocol  control 
logic  must  be  capable  of  clearing  the  FIFO  (reset- 
ting the  pointers  to  the  starting  address)  in  the 
event  of  an  invalid  message  condition. 


The  second  scheme,  which  is  more  commonly 
employed,  allows  the  BIU  to  DMA  directly  into  a 
memory  buffer,  usually  on  a  word  by  word  basis.  A 
minimum  of  two  buffers  is  established  for  each 
receive  and  transmit  subaddress,  each  buffer 
being  32  words  long  (see  figure  1-3.14).  The  start- 
ing location  of  the  buffers,  a  tag  word  for  each 
buffer  (see  paragraph  5. 1.4),  and  a  series  of  control 
flags  is  usually  contained  in  the  Buffer  Descriptor 
Block  (figure  1-3.15).  These  flags  specify  which 
buffer  is  to  be  used  by  the  BIU  circuitry  and  which 
is  used  by  the  host  processor.  In  its  simplest  case, 
when  the  flag  is  set  to  the  receive  state,  the  BIU 
writes  its  data  into  one  buffer  as  each  word  is 
received,  while  the  host  processor  reads  data  from 
another  buffer.  When  a  complete  message  has 
been  received,  validated,  and  the  final  word  stored, 
the  BIU  circuitry  toggles  the  flag  so  that  the  buffers 
are  now  swapped.  Obviously,  if  an  error  occurred 
within  the  message,  the  BIU  would  not  toggle  the 
flag.  For  receive  messages,  the  BIU  controls  the 
setting  and  changing  of  the  buffer  flag.  For  trans- 
mit messages,  when  the  flag  is  set  for  transmit,  the 
BIU  reads  from  one  buffer  while  the  host  updates 
the  data  in  another  buffer.  When  completed  with  its 
update,  the  host  will  toggle  the  flag.  For  transmit 
messages,  the  host  updating  the  data  controls,  the 
setting  and  changing  of  the  buffer  flag 
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Figure  1-3.14  Double  Buffering  Mechanization 
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Now  there  are  obvious  conditions  during  which 
switching  of  the  flag  (and  hence  buffers)  is  not  a 
good  idea.  For  receive  data,  with  the  BIU  in  con- 
trol, this  might  occur  after  reception  of  a  message, 
but  NOT  while  the  host  is  reading  data  from  the 
opposite  buffer,  hence  causing  a  mixture  of  old 
and  new  data.  For  transmit  data,  the  host  does  not 
want  to  swtich  the  buffers  while  the  BIU  is  reading 
data  from  the  other  buffer.  Therefore,  some  sort  of 
handshaking  between  the  host  and  the  BIU  is 
required. 

However,  before  getting  into  the  handshake  pro- 
tocol, there  is  a  much  more  basic  question  regard- 
ing the  transfer  of  data  which  needs  to  be 
addressed.  Does  the  terminal  want  to  always 
receive  the  NEWEST  DATA  available  (e.g.  in  the 
case  of  flight  control  parameters),  OR  is  it  more 
important  to  receive  ALL  DATA  in  sequence  (e.g. 
the  case  of  data  base  transfers  or  program  loads). 
In  the  case  where  newest  data  is  required,  the 
buffers  are  continuously  swapped  for  each  new 
message  (assuming  no  errors).  But  in  the  case  of 
wanting  to  receive  all  data,  when  both  buffers  are 
full  (e.g.  2  messages  received)  AND  the  host  has 
not  read  the  contents  of  the  first  buffer,  a  problem 
exists  because  the  next  message  would  overwrite 
the  first  buffers  contents,  hence  losing  the  data. 

There  are  two  simple  solutions  to  the  second  case: 
first  the  use  of  more  than  two  buffers;  and  second, 
the  implementation  of  the  busy  bit  in  the  status 
word.  The  first  solution  is  simple,  requiring  only 
additional  memory  and  the  "housekeeping"  logic 
to  keep  track  of  the  sequence  in  which  the  buffers 
have  been  used  (moving  address  pointers  within  a 
list).  Some  of  the  1553  chip  sets  available  support 
this  approach.  The  second  solution  requires  only 
additional  logic  within  the  BIU  circuitry.  The  hand- 
shaking between  the  BIU,  host,  and  busy  bit  is 
detailed  as  follows: 

A  BIU  status  flag  is  used  to  determine  the  status  of 
the  BIU  with  respect  to  the  data  buffer  it  is  using. 
Similiarly,  a  host  status  flag  is  used  to  determine 
the  status  of  the  host  with  respect  to  the  data  buffer 
it  is  using. 

When  newest  data  is  desired,  if  the  BIU  and  host 
status  flags  are  cleared  (inactive  state),  then  the 
BlU/host  is  currently  not  using  the  buffer,  while  if 
these  flags  are  set  to  the  active  state,  the  BlU/host 
is  accessing  the  buffer.  Note  that  these  flags  indi- 
cate the  status  regardless  of  whether  the  buffer  is  a 
transmit  or  receive  data  buffer. 


Buffer  swapping  (the  changing  of  the  buffer  flag) 
is  performed  as  follows:  Initially  the  BIU  and  host 
status  flags  are  cleared  (inactive  state)  and  no  valid 
data  is  contained  in  eitherbuffer.  For  transmit  mes- 
sages, the  host  shall  control  the  buffer  swapping. 
To  fill  the  current  (selected)  buffer,  the  host  first 
sets  its  status  flag  to  the  active  state,  indicating  its 
buffer  is  busy.  When  the  host  has  completed 
updating  the  data,  it  changes  its  status  back  to  the 
inactive  state.  When  this  occurs,  the  host  looks  at 
the  BIU  status  flag  and  toggles  the  bufferflag  if  the 
BlU's  status  flag  indicates  it  is  inactive  (not  using 
its  buffer).  If  the  BlU's  flag  indicated  it  was  access- 
ing its  buffer,  then  the  host  must  wait  until  the  BIU 
is  finished  prior  to  toggling  the  buffer  flag.  It  is 
important  to  note  here  that  Notice  2  requires  that 
all  data  being  transmitted  on  the  bus  must  be  valid. 
Therefore  in  the  initialization  process,  the  BIU 
must  either  be  kept  "off-line"  until  the  host  has 
updated  one  of  its  buffers  and  toggled  the  buffer 
flag,  or  the  BIU  must  respond  with  the  busy  bit  set 
in  the  status  word  until  the  host  has  updated  one  of 
the  buffers. 

For  receive  buffers,  the  BIU  is  in  control  of  the 
buffer  swapping.  To  fill  the  current  buffer,  the  BIU 
first  sets  its  status  flag  to  the  active  state  to  indicate 
the  buffer  is  busy  (done  at  validation  of  the  com- 
mand word  from  the  bus).  When  the  BIU  finishes 
writing  data,  it  changes  its  status  back  to  the  inac- 
tive state.  When  this  occurs,  the  BIU  will  lookatthe 
host  status  flag  and  toggle  the  buffer  flag  as  soon 
as  the  hosts  status  indicates  it  is  inactive.  If  an  error 
occured,  the  buffers  are  not  swapped,  and  the 
erroneous  data  is  overwritten  by  the  next  message 
to  that  subaddress. 

When  the  collection  of  all  data  is  desired,  a  BIU 
and  host  status  bit  cleared  (set  to  inactive  state) 
would  indicate  that  the  BlU/host  has  accessed  and 
is  finished  with  the  buffer,  while  a  status  bit  set  to 
an  active  state  would  indicate  that  access  to  the 
buffer  is  currently  in  process  or  not  yet  started. 

Swapping  of  the  buffers  and  setting  of  the  busy  bit 
is  performed  as  follows:  For  transmit  data,  the  BIU 
and  host  status  flags  are  initialized  to  indicate  inac- 
tivity and  activity  respectively.  This  is  done  so  that 
the  BIU  knows  that  there  is  erroneous  data  in  its 
current  transmit  buffer.  Here  again,  Notice  2  would 
require  that  the  BIU  respond  with  the  busy  bit  set 
in  the  status  word  or  be  kept  "off-line"  until  the 
host  updates  the  first  buffer.  When  the  BIU  or  host 
is  done  accessing  (updating)  its  buffer,  it  sets  its 
status  flag  to  the  inactive  state  and  checks  the 
other  flag.  If  the  other  flag  is  also  inactive,  then  the 


I-57 


DATA  BUFFER  POINTER  0 

DATA  BUFFER  POINTER  1 
TAGWORD  0 

TAGWORD  1 
BUFFER  DATA 


16  BIT  ADDRESS  POINTER  TO  BUFFER  0 


16  BIT  ADDRESS  POINTER  TO  BUFFER  1 


14  BIT  TIME  TAG  WORD 


SF 


TF 


14  BIT  TIME  TAG  WORD 


SF 


TF 


DB    BE     BS  HS 


UNUSED 


ET 


Figure  1-3.15  Data  Descriptor  Block  Format 


data  has  not  as  yet  been  transferred  out  onto  the 
bus  by  the  BIU  and  the  host  must  store  the  new 
data  in  the  other  buffer  or  somewhere  else.  For 
receive  buffers,  the  BIU  and  host  status  flags  are 
initialized  to  indicate  activity  and  inactivity  respec- 
tively. This  is  done  so  that  the  host  knows  there  is 
erroneous  data  in  its  buffer.  When  a  message 
comes  in  and  the  BIU  has  completed  accessing  its 
buffer,  it  shall  set  its  status  flag  to  indicate  inactiv- 
ity and  checks  the  hosts  status  flag.  If  it  is  also 
inactive,  the  BIU  shall  toggle  the  buffer  flags  (swap 
data  buffers)  and  set  both  the  BIU  and  host  status 
flags  to  the  active  state.  BUT  if  the  BlU's  status  flag 
is  inactive  and  the  host's  status  flag  is  active  (both 
buffers  full),  and  a  new  command  is  received  over 
the  bus,  then  the  BIU  shall  respond  with  the  busy 
bit  set  in  the  status  word  and  not  store  the  data.  If 
an  error  is  detected  in  a  message,  the  buffers  are 
not  swapped  and  the  BlU's  and  the  host's  status 
flags  are  not  changed. 

Due  to  the  diversity  of  terminal  designs,  and  the 
levels  and  complexity  of  memory  buffering  tech- 
niques, the  design  and  implementation  of  the 
B I U/DM A/host  interfacing  logic  is  left  to  the  sub- 
system designer  and  is  usually  not  considered  as 
part  of  the  BIU  protocol  logic. 

3.7.3  Block  Transfers 

Block  transfers,  moving  of  large  amounts  of  data 
via  the  1553B  data  bus,  are  common  with  todays 
data  bus  architectures.  These  transfers  are  used  to 
exchange  data  bases  between  processor  (e.g. 
primary  and  backup  controllers),  update  naviga- 
tional systems  (e.g.  GPS  almanac  data,  digital  map 
data  bases,  etc.),  and  perform  operational  pro- 
gram downloads. 

One  of  the  principal  concerns  in  executing  a  block 
transfer  is  the  handling  of  communications  errors. 


This  has  to  be  accomplished  such  that  there  are 
not  redundant  or  missed  messages  in  memory. 
Auto  retry  capabilities  are  usually  implemented  in 
the  execution  of  these  transfers.  Subsequently, 
when  an  auto  retry  occurs  because  of  an  invalid 
message,  the  designer  must  implement  the  control 
protocol  such  that  the  retired  messages  will  not 
appear  twice  in  memory  with  one  being  invalid  and 
the  other  valid. 

Various  schemes  have  been  employed  to  accomp- 
lish these  bulk  transfers.  Commonly  used  metho- 
dologies are:  time  spaced  messages  to  a  single 
subaddress;  multiple  messages  with  subad- 
dresses;  and  the  use  of  expanded  subaddresses 
(see  paragraph  3.7.1).  The  designer  must  make 
trade-offs  between  the  amount  of  memory  availa- 
ble, levels  of  buffering  desired  or  possible,  and  the 
amount  of  subaddressing  available  for  use  to 
insure  that  the  bulk  transfers  succeed  in  moving 
the  proper  amounts  of  data,  in  the  correct 
sequence,  with  no  errors. 


3.7.4  Data  Protection 

Additional  protection  of  the  data,  other  than  the 
message  and  protocol  checks  contained  with  the 
1553  standard,  can  be  accomplished.  Since  data 
words  on  the  bus  are  no  different  than  the  data 
contents  of  a  16  bit  computer  (with  the  exception 
of  being  transferred  serially,  and  containing  async 
and  parity  field), the  traditional  methods  of  compu- 
ter data  protection  can  be  applied.  These  include 
checksums  and  cycle  redundancy  checks  (CRC). 
Each  have  their  advantages  and  have  been  suc- 
cessfully used  in  1553applications.  The  major  dis- 
advantage is  that  since  their  purpose  is  to  protect 
data  being  "communicated",  they  need  to  be 
included  with  the  data  (meaning  the  codes  must  be 
sent  with  each  block  of  data  versus  a  separate 
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any  given  message. 

During  early  applications  of  the  standard,  some 
terminals  did  not  protect  against  the  mixing  of  old 
and  new  data  within  a  message.  While  checksums 
and  CRC  codes  were  capable  of  detecting  this 
type  of  error,  their  overhead  was  considered  too 
great  to  be  used  in  all  messages.  Therefore  an 
effective,  low  overhead  solution  was  developed  - 
the  validity  bit.  A  validity  bit  (single  bit)  was 
assigned  to  each  data  word.  Implementations  var- 
ied as  to  the  inclusion  of  this  bit  into  each  word 
(often  the  MSB)  or  placing  all  bits  in  the  last  two 
words  of  the  message.  The  placing  of  the  bit  within 
the  word  reduced  bus  loading  and  allowed  a  single 
word  read  by  the  applications  software,  but  it 
reduced  the  resolution  of  the  signal  it  was  attempt- 
ing to  protect.  When  set,  the  bit  indicated  that  the 
associated  data  was  good.  When  multiple  words 
were  involved,  the  processor  updating  the  data 
would  set  the  bits  to  the  same  pattern  (0  or  1), 
alternating  patterns  at  each  update.  Hence  it  was 
possible  to  distinguish  data  not  of  the  same  sam- 
ple set.  Today,  most  terminal  designs,  by  the 
method  of  double  or  multi-level  buffering,  assure 
all  data  transferred  is  of  the  same  sample  set. 

For  data  that  must  have  extended  protection, 
multi-bit  detection  and  correction,  a  hamming 
code  protection  scheme  is  recommended.  Section 
80  (formerly  Chapter  11)  of  MIL-HDBK-1553 Multi- 
plex Applications  Handbook  provides  an  error  pro- 
tection word  based  upon  a  BCH  (31,  16,  3)  code 
which  will  provide  error  correction  up  to  3  bits.  The 
overhead  is  great.  For  each  protected  word,  an 
additional  word  is  required,  but  if  this  level  of  pro- 
tection is  required  —  use  it. 

3.8  Data  Bus  Loading  Analysis 

Most  newcomers  to  MIL-STD-1553B  are  con- 
cerned with  bus  loading.  The  serial  bus  standard  is 
like  many  others;  it  works  fine  until  you  try  to 
overload  it.  On  the  positive  side  of  efficiency,  the 
protocol  established  by  the  standard  is  a  very  effi- 
cient protocol  and  provides  extensive  data  transfer 
capability. 

Analysis  of  bus  loading  is  a  relatively  simple  matter 
requiring  only  a  hand-held  calculator,  some  data 
about  the  system,  and  some  basic  system  deci- 
sions concerning  use  of  the  standard.  There  have 
been  several  computer  programs  developed  to  cal- 
culate bus  loading.  These  programs  are  generally 
used  on  very  large  and  extensive  systems  with 


and  its  complexity  than  to  calculate  bus  loading  or 
build  message  sequencing.  The  basic  data  neces- 
sary for  a  simplified  calculation  of  average  bus 
loading  is: 

(1)  Message/type 

(2)  Words/message 

(3)  Overhead  associated  with  each  message 
type 

(4)  Overhead  associated  with  mode  codes 

(5)  Intermessage  gap 

(6)  Average  response  time 

(7)  Overhead  associated  with  non-stationary 
master  bus  controller  passing 

The  overhead  constants  to  consider  (in  micro- 
seconds) are: 


(1) 

Command  word 

20 

(2) 

Status  word 

20 

(3) 

Response  time 

2-10  (average  8) 

(4) 

Intermessage  gap 

2-100 

(average  50) 

(5) 

Mode  codes  without 

data  words 

20 

(6) 

Mode  codes  with 

data  words 

40 

(7) 

Data  words 

20 

(8) 

Non-stationary  master 

bus  controller  passing 

(48  minimum) 

When  calculating  average  bus  loading  each  mes- 
sage type  has  a  value  where  "N"  is  the  number  of 
words  in  the  message. 


(1)  Bus  controller  to  remote  terminal  and  remote 
terminal  to  bus  controller 

20N  +  68  =  Value  for  BC-RT 

(2)  Remote  terminal  to  remote  terminal 

20N  +  116  =  Value  for  RT-RT 

(3)  Bus  controller  to  remote  terminals 
(broadcast) 

20N  +  40  =  Value  for  BC-RT  (broadcast) 

(4)  Remote  terminal  to  remote  terminals 
(broadcast). 

20N  +  88  =  Value  for  RT-RT  (broadcast) 

(5)  Mode  code  without  data  word 

68  =  Value  for  MC  without  data  word 

(6)  Mode  code  with  data  word 

88  =  Value  for  MC  with  data  word 

(7)  Mode  code  without  data  word  (broadcast) 

40  =  Value  for  MC  without 
data  word  (broadcast) 

(8)  Mode  code  with  data  word  (broadcast) 

60  =  Value  for  MC  with 
data  word  (broadcast) 
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Therefore,  the  average  bus  loading  is  the  sum  of 
the  message  type  values  divided  by  1,000,000 
(maximum  no.  of  bits/sec)  times  100%.  A  system 
should  not  exceed  40%  bus  loading  at  initial 
design  and  60%  at  fielding,  in  order  to  provide  time 
for  error  recovery/automatic  retry  and  to  allow 
growth  during  the  system's  life. 

3.9  Interface  Control  Documents 

Section  80  of  MIL-HDBK-1553  Multiplex  Applica- 
tions Handbook  (formerly  Chapter  11)  provides 
the  guidelines  for  the  development  of  data  words 
and  messge  structure  formats  needed  in  the  gen- 
eration of  Interface  Control  Documents  (ICDs)  for 
data  bus  compatible  equipment.  In  addition,  it  pro- 
vides suggestions  for  ICD  format  presentations 
and  recommended  coding  techniques  for  various 
data  words.  Both  the  Navy  and  Army  have  deve- 
loped data  bases  for  terminals  and  systems  which 
are  available.  Systems  and  terminal  designers  are 
encouraged  to  adapt  these  guidelines  and  formats 
in  the  generation  of  their  own  documentation  and 
to  make  use  of  the  data  bases  where  possible. 

In  as  much  as  Section  80  has  been  successfully 
adapted  by  much  of  industry  for  standardization  of 
message  and  data  word  formats,  it  has  some  short- 
comings in  identifying  all  the  required  data  needed 
by  the  systems  level  designer.  Some  of  this  data  is 
available  at  the  initial  design  while  other  parts  may 
not  be  available  until  verification  or  final  buy-off 
tests  of  the  terminal  has  been  performed.  The  pur- 
pose of  this  section  is  solely  to  identify  the  types  to 
terminal  data  which  the  systems  level  and  bus  con- 
trol software  engineers  need. 

a)  Condition  which  sets  the  optional  status  word 
bits  (busy,  service  request,  subsystem  flag, 
terminal  flag)  and  any  required  responses  by 
the  bus  controller 

b)  Specific  conditions  for  generation  of  mo"de 
codes  and  required  responses  to  these 

c)  Timing  limits  associated  the  mode  codes  (i.e. 
how  long  to  reset  or  perform  self  test) 

d)  Discretes  to  be  monitored  and  a  detailed  oper- 
ation of  each  (e.g.  'on-line',  BC/BBC,  etc.) 

e)  Modes  of  operation  and  specific  procedures 
associated  with  each  (e.g.  built-in-test,  initiali- 
zation, normal  operation,  maintenance,  prior- 
ity operation,  etc.) 

f)  Specific  power  up  initialization  sequence 
including  required  messages  or  programming 
(e.g.  data  loads,  parameter  initialization,  oper- 
ational controls,  etc.) 

g)  Maximum  power  up  time  till 'on-line' including 
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sequence  (e.g.  no  response,  followed  by  busy, 
followed  by  normal) 

h)  Message  timing  constraints  and  interaction  (if 
any)  with  the  busy  bit 

i)  Self  test  procedures  (internal,  data  wrap- 
around, etc.) 

j)  Data  coherence  and  sample  consistency 
procedures 

k)  Service  request  procedures  (command  se- 
quence or  vector  word  definitions) 

I)  Bus  electrical  characteristics  (output  voltage, 
impedance,  etc.) 

m)  Electrical  interface  requirements  (connector 
type,  pin  assignments,  voltages,  currents, 
etc.) 

n)  Programmable  terminal  parameters  (terminal 
address,  operational  modes  such  as  monitor 
or  backup  controller) 

o)  Specific  hardware  self  test  procedures,  BIT 
word  definitions,  maintenance  code  defini- 
tions 

p)  Specific  polling  procedures  for  monitoring 

bus  and  terminal  health 
q)  All  subaddress  and  mode  code  message  and 

data  word  formats  in  accordance  with  Section 

8-0  of  MIL-HDBK-1553 
r)  First  minor  frame  present  and  offset  in  each 

future  periodic  communications  frame 
s)  Unique  shutdown  requirements 
t)   If  message  requires  interrupt  upon  reception 

or  transmission 
u)  Unique   or   subsystem   specific  message 

strings  (loading,  mass  transfer,  sequence  of 

messages,  etc.) 
v)  Mode  switching  constraints 
w)  Validity  bits  (usage,  rules  for  setting,  interac- 
tion with  data) 
x)  Operational  characteristics  during  "shutdown" 

transmitter  mode  code  (i.e.  is  the  terminal  still 

capable  of  receiving  and  processing  data  from 

the  bus) 


4.0  Hardware 

4.1  Types  of  Terminals 

1553B  defines  a  terminal  as  "the  electronic  module 
necessary  to  interface  the  data  bus  with  the  sub- 
system and  the  subsystem  with  the  data  bus.  Ter- 
minals may  exist  as  separate  line  replaceable  units 
(LRUs)  or  be  contained  within  the  elements  of  the 
subsystem."  A  terminal  is  further  categorized  by 
1553B  as  either  a  bus  controller,  bus  monitor,  or 
remote  terminal. 
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(1)  Bus  Controller 

MIL-STD-1553B  defines  a  bus  controller  as  "the 
terminal  assigned  the  task  of  initiating  information 
transfers  on  the  data  bus."  Notice  that  the  defini- 
tion does  not  necessarily  depend  on  the  physical 
design  of  the  terminal  but  is  determined  by  the 
assigned  task  of  bus  control.  This  implies  that  a 
terminal  may  have  the  capability  of  performing 
other  functions,  but  during  the  time  when  it  is 
assigned  the  task  of  bus  control  it  is  by  definition  a 
bus  controller.  Figure  1-4.1  shows  the  generalized 
terminal  functional  elements  that  apply  to  a  bus 
controller. 

(2)  Bus  Monitor 

A  bus  monitor  is  defined  as  "the  terminal  assigned 
the  task  of  receiving  bus  traffic  and  extracting 
selected  information  to  be  used  at  a  later  time."  A 

bus  monitor,  therefore,  is  unique  in  that  it  performs 
no  transactions  on  the  bus  (see  figure  I-4.2).  It  not 
only  does  not  initiate  information  transfers  as  a 
bus  controller,  it  is  incapable  of  any  response  on 
the  bus,  including  status  response  in  the  monitor 
mode.  In  fact,  the  bus  monitor  does  not  require  a 
transmitter  so  it  may  be  a  "receive-only"  terminal  if 
it  never  performs  another  function  (bus  controller 
or  remote  terminal).  However,  monitors  usually 
have  remote  terminal  capability  to  allow  the  bus 
controller  to  check  their  status  health  and  com- 
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mand  new  operational  modes.  Primary  applica- 
tions include  collection  of  data  for  analysis  and 
back-up  bus  controller  monitoring  of  system  sta- 
tus. The  bus  monitor,  for  instrumentation  applica- 
tions, listens  to  all  messages  or  a  subset  of 
messages  and  stores  the  data  internally  or  formats 
and  outputs  the  data  to  a  mass  storage  device  or 
telemetry  equipment.  Many  monitors  are  configu- 
ration programmable  as  to  their  function  of  mes- 
sage monitoring  capability  via  1553  messages.  In 
association  with  a  back-up  bus  controller  (whe- 
ther the  back-up  controller  is  either  a  monitor  or  a 
remote  terminal),  the  monitor  observes  the  bus 
transmissions  and  collects  data,  often  performing 
the  same  operations  as  the  bus  controller  with  the 
exception  of  issuing  commands  on  the  bus.  By 
operating  as  a  monitor,  the  back-up  controller  is 
continuously  aware  of  the  state  and  operational 
mode  of  the  system  and  subsystems.  Therefore  in 
the  necessity  of  assuming  control  of  the  bus,  the 
back-up  controller  can  reduce  its  start-up  time. 
This  type  of  operation  is  often  referred  to  as  a  "hot 
back-up". 

(3)  Remote  Terminal 

A  remote  terminal  is  defined  as  "all  terminals  not 
operating  as  the  bus  controller  or  a  bus  monitor." 

This  means  that  an  RT  cannot  initiate  information 
transfers  on  the  bus  as  a  bus  controller  and  cannot 
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Figure  1-4.1  Bus  Controller  Functional  Elements 
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Figure  1-4.2  Bus  Monitor  Functional  Elements 


perform  the  monitor  function.  It  must  respond  to 
commands  issued  by  the  bus  controller  in  a  nor- 
mal command/response  manner.  An  RT  is  identi- 
fied by  a  unique  address  that  allows  the  bus 
controller  to  direct  specific  information  to  it.  Fig- 
ure 1-4.3  shows  the  generalized  terminal  functional 
elements  that  apply  to  a  remote  terminal.  Once 
more  it  must  be  emphasized  that  the  definition  of 
an  RT  is  one  of  function,  not  form.  Any  active 
terminal  that  is  not  performing  bus  control  or  mon- 
itor functions  on  a  given  bus  at  that  time  by  defini- 
tion is  a  remote  terminal.  It  is  a  common  practice 
that  intelligent  interfaces  provide  both  bus  control 
capability  as  well  as  RT  functions  within  a  terminal. 
This  allows  an  RTto  become  a  bus  controller  in  the 
event  of  failure  of  the  active  bus  controller. 

A  clear  understanding  of  the  functional  nature  of 
these  1553  terminals  is  essential  to  the  understand- 
ing of  the  terminal  partitioning.  Also,  the  differ- 
ence in  requirements  for  each  type  of  terminal  will 
impact  their  design.  Table  1-4.1  summarizes  a  typi- 
cal set  of  requirements  for  several  terminal  types. 

4.2  Functional  Elements 

A  MIL-STD-1553  teminal  may  be  specifically 
designed  as  a  standalone  remote  terminal, 
embedded  remote  terminal,  bus  controller  or  bus 
monitor.  Flexible  terminal  designs  often  perform 
both  bus  controller  and  remote  terminal  functions. 


This  is  achievable  because  of  their  intelligence 
(processing  power)  and  a  common  front  end 
design  compatible  with  both  remote  terminal  and 
bus  controller  functions.  This  section  will  describe 


BUS-651 12.  The  BUS-651 12  is  a  complete  dual  re- 
dundant MIL-STD-1553  Remote  Terminal  Unit 
(RTU)  packaged  in  a  small  1.9"  x  2.1"  hybrid.  The 
BUS-651 12  is  available  as  DESC  No.  5962-87535- 
OIXC  which  eliminates  the  need  for  non-standard 
part  approval.  Based  upon  DDC  custom  ICs,  it  in- 
cludes 2  transceivers,  2  encoder/decoders,  2  bit  pro- 
cessors, RTU  protocol,  data  buffers,  and  timing  con- 
trol logic.  It  supports  all  13  mode  codes  for  dual 
redundant  operation,  any  combination  of  which  can 
be  illegalized. 
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Figure  1-4.3  Remote  Terminal  Functional  Elements 


the  functional  elements  of  a  generalized  terminal 
design.  Figure  1-4.4  identifies  the  major  functions 
incorporated  into  a  generalized  terminal  design. 
The  four  major  functional  elements  are;  (1)  the 
analog  receiver/transmitter,  (2)  the  digital  bit  and 
word  processor,  (3)  the  digital  message  processor, 
and  (4)  the  subsystem  interface.  Transfers  of  data 
in  and  out  of  each  of  these  sections  may  be  either 
serial  or  parallel  or  combinations  of  both  depend- 


BUS-65610 


YOU  CAN  INTERFACE  YOUR  HOST  CPU  TO  THE 
1553  BUS  by  using  a  BUS-66300  II  interface  mod- 
ule, a  BUS-65610  BC/RTU/MT  module,  and  a  trans- 
ceiver. The  1553  standard  allows  you  to  couple  the 
transceiver  directly  to  the  1 553  bus,  or  couple  it  to 
the  bus  by  means  of  a  transformer. 


ing  on  the  design  and  the  circuit  implementaion. 
As  stated  earlier,  a  1553  terminal  can  be  designed 
to  perform  both  the  bus  controller  and  remote  ter- 
minal functions.  However,  only  terminals  with  a 
bus  controller  requirement  should  be  designed  to 
meet  the  more  complex  bus  control  functions. 
This  section  will  discuss  the  common  functions 
associated  with  all  terminals  and  the  unique  func- 
tions associated  wth  remote  terminals  and  bus 
controllers.  Two  types  of  remote  terminals  will  be 
discussed;  a  standalone  remote  terminal  which 
interfaces  non-1553  subsystems  to  the  data  bus 
and  an  embedded  1553  interface  in  a  subsystem. 
The  unique  features  of  terminals  performing  as 
bus  controllers  will  also  be  discussed. 

4.2.1  Analog  Transmitter/Receiver 

The  analog  transmitter/receiver  functional  ele- 
ment is  primarily  the  analog  front  end  required  to 
interface  the  terminal's  digital  logic  with  the  data 
bus.  This  section  contains  the  coupling  trans- 
former and  fault  isolation  resistors  required  for 
connection  to  the  data  bus.  The  1553  receiver  pro- 
vides low  level  noise  rejection  and  a  digital  output 
compatible  with  the  digital  logic  that  follows  in  the 
bit  and  word  processor.  The  transmitter  drives  the 
bi-phase  modulated  signal  to  form  data  word  for- 
mats defined  in  MIL-STD-1553B.  A  timer  (analog 
or  digital)  is  provided  to  cease  transmission  after  a 
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Table  1-4.1  Bus  Element  Capabilities 


1.  Information  transfer  formats 

a.  Controller  to  remote  terminal 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b.  Remote  terminal  to  controller 

X 

X 

X 

X 

X 

X 

X 

X 

X 

c.  Remote  terminal  to  remote  terminal 

X 

X 

X 

X 

X 

X 

X 

X 

X 

d.  Mode  command  without  data  word 

X 

X 

X 

X 

X 

X 

X 

e.  Mode  command  with  data  word  (transmit) 

X 

X 

X 

X 

X 

X 

X 

f.  Mode  command  with  data  word  (receive) 

X 

X 

X 

X 

X 

2.  Broadcast  information  transfer  formats 

a.  Controller  to  RT(s)  transfer 

X 

X 

X 

X 

X 

b.  RT  to  RT(s)  transfer 

X 

X 

X 

X 

X 

c.  Mode  command  without  data  word 

X 

X 

X 

X 

X 

X 

X 

d.  Mode  command  with  data  word 

X 

X 

X 

X 

X 

X 

3.  Mode  codes 

a.  Dynamic  bus  control 

X 

b.  Synchronize 

X 

X 

X 

c.  Transmit  status  word 

X 

X 

X 

X 

X 

X 

X 

X 

X 

d.  Initiate  self-test 

X 

X 

X 

e.  Transmitter  shutdown 

X 

X 

X 

X 

f.  Override  transmitter  shutdown 

X 

X 

X 

X 

g.  Inhibit  terminal  flag  bit 

X 

X 

X 

X 

X 

h.  Override  inhibit  terminal  flag  bit 

X 

X 

X 

X 

X 

i.  Reset  remote  terminal 

X 

X 

X 

X 

X 

X 

j.  Transmit  vector  word 

X 

X 

X 

X 

X 

X 

k.  Synchronize 

X 

X 

X 

I.  Transmit  last  command 

X 

X 

X 

X 

X 

X 

X 

m.  Transmit  bit  word 

X 

X 

X 

X 

X 

n.  Selected  transmitter  shutdown 

X 

X 

X 

o.  Override  selected  transmitter  shutdown 

X 

X 

X 

4.  Status  bit  field 

a.  Message  error 

X 

X 

X 

X 

X 

X 

X 

X 

b.  Instrumentation  (set  to  zero) 

c.  Service  Request 

X 

X 

X 

X 

X 

d.  Broadcast  received  command 

X 

X 

X 

X 

X 

X 

X 

e.  Busy 

X 

X 

X 

X 

X 

X 

f.  Subsystem  flag 

X 

X 

g.  Dynamic  bus  control  acceptance 

X 

X 

h.  Terminal  flag 

X 

X 

X 

X 
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BUS-61553 
Advanced  Integrated  Mux  (AIM)  hybrid 

THE  BUS-61553  ADVANCED  INTEGRATED  MUX  (AIM)  HYBRID  is  a  complete,  stand-alone  dual  redundant 
MIL-STD-1553  interface.  The  BUS-61553  contains  a  low  power  dual  transceiver,  complete  Bus  Controller  (BC), 
Remote  Terminal  (RTU),  and  Bus  Monitor  (MT)  protocol,  along  with  a  powerful  memory  management  host 
interface  IC  and  a  full  8K  x  16  bits  of  static  RAM.  It  is  only  2.1"  x  1.9"  -  the  smallest,  most  integrated  1553 
device  available. 


predetermined  time  (maximum  800  microse- 
conds). This  prevents  uncontrolled  activity  on  the 
data  bus.  The  transmitter/receiver  portion  can  be 
implemented  using  a  combination  of  discrete  cir- 
cuits, hybrids,  or  monolithic  chips.  Today  these 
circuits  are  widely  available  in  small  low  cost  pack- 
ages, thus  eliminating  the  need  to  design  your  own 
device. 

4.2.2  Encoder/Decoder 

The  encoder/decoder  (see  figure  I-4.4)  is  used  to 
analyze  the  data  bits  and  words  required  for  data 
transfer  on  the  receiver  side  of  the  terminal.  The 
squared  up  signal  from  the  receiver  is  inputted  to 
the  decoder,  which  senses  bit  timing  to  decode  the 
sync  pattern,  data  bits,  and  parity  to  identify  com- 
mand/status or  data  words.  Bit  patterns  other  than 
the  sync  pattern  are  checked  to  verify  proper  Man- 
chester coding.  The  number  of  bits  per  word  and 
parity  are  verified  to  complete  the  bit  and  word 


analysis.  Error  conditions  are  flagged  if  any  por- 
tion of  a  bit  or  word  is  unsatisfactory.  The  encoder 
or  data  transmitter  section  contains  the  digital 
logic  to  establish  both  command,  status,  and  data 
words  for  formatting;  including  sync,  data,  and 
parity  generation.  Control  signals  are  provided  to 
the  analog  transmitter/receiver  section  to  indicate 
appropriate  actions.  The  encoder/decoder  has 
been  implemented  in  single  LSI  and  Hybrid  devi- 
ces and  are  commercially  available.  Usually  these 
chips  offer  the  best  way  to  meet  this  design 
function. 

Combinations  of  available  analog  transceivers  and 
bit/word  processors  provide  the  basic  bus  inter- 
face function.  This  function  is  adequate  for  incor- 
poration into  the  front  end  of  computers 
performing  as  bus  controllers,  the  front  end  of 
standalone  remote  terminals,  and  the  front  end  of 
remote  terminals  embedded  in  a  subsystem. 
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Figure  1-4.4  Generalized  Terminal  Functional  Elements 


4.2.3  Protocol  Sequencer  and  Subsystem 
Interface 

The  encoder/decoder  is  transparent  to  data  word 
type  and  contents.  Therefore,  it  passes  the  words 
with  the  error  indications  to  the  message  proces- 
sor for  further  analysis.  The  message  processor 
continues  the  analysis  by  performing  command 
word  decoding,  address  validation,  data  flow 


BUS-63102  II.  For  systems  that  must  interface  with 
both  MIL-STD-1553  and  the  McDonnell  Douglas 
equivalent  (F-18,  AV-8B,  etc.)  a  universal  trans- 
ceiver is  available  in  DDC's  BUS-63102  II.  The  pin 
out  configuration  is  compatible  with  the  earlier  first 
generation  transceivers  measuring  1 .25  x  1 .25  in. 
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direction  (transmission  or  reception),  data  recep- 
tion, message  length  validation,  and  data  storage 
when  receiving  data,  and  data  transmission  for 
transmitting  data. 

A  major  task  of  the  protocol  sequencer  is  the  sub- 
system interface  control.  The  subsystem  interface 
complexity  may  vary  from  a  single  parallel  or  serial 
handshake  for  communication  to  a  DMA  capabil- 
ity that  provides  an  interface  to  main  memory. 
Also,  for  standalone  remote  terminals,  which  must 
interface  to  multiple  subsystems,  the  subsystem 


BUS-63125  II.  This  industry  standard  dual  trans- 
ceiver is  now  lower  power  and  available  as  DESC 
No.  5962-87579-01 XX,  which  eliminates  the  need 
for  non-standard  part  approval. 
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interface  may  control  and  interface  with  a  wide 
variety  of  signal  conditioners  (A/D  converter,  D/A 
converters,  input  and  output  discretes,  serial  and 
parallel  channels)  either  directly  or  through  a  con- 
troller. It  is  because  of  this  wide  range  of  require- 
ments and  complexities  (remote  terminals  versus 
bus  controller)  that  system  interfaces  are  usually 
designed  for  the  specific  application.  The  only 
exception  to  this  is  the  circuitry  that  is  being  deve- 
loped today  to  interface  to  microprocessors. 
Therefore,  this  is  the  area  that  most  1553designers 
will  be  using  their  design  talents  in,  since  the 
analog  transmitters  and  receivers,  the  encoders- 
/decoders  and  protocol  sequencers  are  available 
today  in  hybrid  and  LSI  designs.  Some  manufac- 
turers have  even  included  the  analog  transceivers, 
further  reducing  the  amount  of  circuit  real  estate 
required  for  the  bus  interface  function. 

4.2.3.1  Protocol  Sequencer  with  Remote  Terminal 
Capability 

To  initialize  a  remote  terminal  requires  a  mecha- 
nism for  establishing  its  unique  address.  Two  ways 
are  available;  establishing  the  address  using  an 
external  strapping  of  pins  to  "open  circuits"  or 
"ground  circuits"  to  establish  a  five  bit  address  or 
host  (subsystem  or  processor)  software  loaded. 
Each  method  has  its  place.  For  intelligent  subsys- 
tems with  a  capability  to  change  the  software  and 
for  processors  with  software  loads,  software  initial- 
ization of  the  terminal  address  is  the  most  approp- 
riate. External  pin  addressing  in  software  systems 
is  required  to  identify  acceptable  software  load 
and  the  remote  terminal  address  used  for  loading 
the  device  if  the  load  is  supplied  via  the  1553  bus. 
For  sensors  or  subsystems  with  fixed  (unchang- 
ing) programs  and  for  standalone  RTs  the  aircraft 
wiring  can  supply  the  terminal's  unique  address. 


BUS-64100.  This  hybrid  encoder/decoder,  DDC's 
BUS-64100,  contains  the  Harris  15530  Manchester 
II  encoder/decoder  plus  additional  IC's  to  offer  ad- 
dress recognition,  wrap-around  self-test,  parallel-to- 
serial  and  serial-to-parallel  conversion. 


Notice  2  requires  that  remote  terminals  must  be 
capable  of  being  assigned  a  unique  address 
(address  11111  is  still  reserved  for  broadcast  for 
those  systems  implementing  this  function)  and 
that  all  addresses  be  established  via  an  external 
connector  to  the  remote  terminal.  The  notice  also 
specifies  that  changing  the  address  must  not 
require  a  physical  modification  or  manipulation  of 
any  part  of  the  remote  terminal  (i.e.  changing  of  a 
memory  device  containing  the  terminal's  address). 
No  single  point  failure  in  the  address  strapping 
should  cause  a  terminal  to  validate  a  false  address. 
This  means  that,  as  a  minimum,  the  remote  termi- 
nal should  include  a  parity  bit  along  with  the  five 
address  lines  and  should  perform  a  parity  check 
on  the  programmed  address.  As  a  minimum,  that 
address  should  be  validated  during  power-on 
initialization.  In  addition  to  the  unique  address,  a 
terminal  interfacing  to  a  sensor,  subsystem,  pro- 
cessor or  multiple  subsystems/sensors  requires  a 
map  or  instructions  indicating  the  destination  of 
received  messages  based  on  their  subaddress  and 
the  source  or  location  of  the  data  for  each  active 
transmitted  subaddress.  This  can  be  hardwired  in 
a  standalone  RT  (subaddress  to  I/O  port)  or  can  be 
mapped  usi  ng  a  "lookup  type  of  table"  or  the  map- 
ping can  be  accomplished  using  a  pointer  tech- 
nique often  referred  to  as  "Data  Pointer  Table"  (see 
figure  I-4.5).  This  allows  a  specific  transmittersub- 
address  to  be  associated  with  a  host  supplied  field 
to  point  to  a  location  in  main  memory  which  is 
either  the  start  of  the  data  buffer  or  is  the  location 
of  a  word  which  contains  the  starting  address  of 
the  data  buffer.  As  you  can  tell,  several  levels  of 
indirection  are  possible  using  data  pointers. 
Therefore,  the  host  can  modify  these  pointers  thus 
causing  the  terminal  to  acquire  or  deposit  data 


BUS-25679.  DDC's  BUS-25679  is  typical  of  the 
many  standard  transformers  available  to  couple  the 
transceiver  to  the  bus. 
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Figure  I-4.5  Lookup  —  Table  Message  Map 

anywhere  in  memory.  If  this  method  is  used  the 
appropriate  handshaking  between  the  host  and 
the  message  processor  must  be  supported  by  the 
design.  Additional  host  to  remote  terminal  interfa- 
ces exist,  which  includes  the  ability  to  load  the 
host's  portion  of  the  status  word  bits  (service 
request,  busy,  subsystem  flag,  and  dynamic  bus 
control  acceptance)  and  the  mode  code  words 
that  are  host  oriented  (e.g.,  transmit  vector  word 
mode  command).  These  additional  1553  capabili- 
ties (in  addition  to  figure  I-4.3)  provide  the  neces- 
sary functions  to  complete  the  remote  terminal  to 
subsystem  interface. 

4.2.3.2  Protocol  Sequencer  with  Bus  Controller 
Capability 

In  addition  to  the  capabilities  identified  above  for 
the  remote  terminals,  bus  controller  functioning 
word  processors  must  contain  the  capability  to 
develop  and  transmit  command  words  and  ana- 
lyze status  words.  The  same  interface  control  and 
handshaking  is  necessary  with  the  bus  controller 
that  was  needed  for  the  RT.  However,  since  the  bus 
controller  can  take  on  many  different  levels  of 
complexity  and  the  partitioning  between  hardware 
and  software  is  not  as  clear,  a  general  discussion  is 
provided  in  section  5  on  this  subject. 


4.2.4  Bus  Coupler  Design 

Bus  coupler  networks,  separate  from  the  termi- 
nals, are  required  by  1553B  when  connected  to  the 
data  bus  via  "long  stubs".  A  long  stub  is  defined  to 
be  greater  than  1  ft.  Direct  coupling,  which  can  be 
implemented  without  a  separate  coupler  box,  is 
defined  for  short-stub  connections  of  1  ft  or  less 
(Note:  Notice  2  requires  that  for  Navy  applications, 
terminals  must  have  both  transformer  and  direct 
coupled  stub  connections  externally  available, 
such  that  either  may  be  used;  and  that  for  Air  Force 
and  Army  applications,  ONLY  transformer  coup- 
led stub  connections  will  be  used.)  The  long-stub 
coupler  network  incorporates  isolation  resistors 
and  a  coupling  transformer.  The  isolation  resistors 
are  located  in  the  terminal  for  the  direct-coupled 
case,  thus  eliminating  the  need  for  a  separate 
coupler  box  if  a  reliable  shielded  splice  can  be 
made.  In  most  cases,  the  bus  connections  can  be 
spliced  in  the  terminal  connector. 

The  coupler-transformer  characteristics  are  very 
important  to  the  signal  integrity  and  noise  perfor- 
mance of  the  data  bus  system.  The  purposes  of  the 
coupler  are  to;  (1)  provide  isolation  of  the  main  bus 
for  fault  conditions  on  the  stub  or  in  the  terminal, 
(2)  provide  reduced  bus  signal  distortion  effect  by 
increasing  effective  stub  impedance,  and  (3)  pro- 
vide termination  of  the  stub  when  transmitting 
from  the  terminal.  The  isolation  resistors  and  the 
transformer  turns  ratio  provide  the  benefits  listed 
above.  The  terminal  input  and  output  specifica- 
tions for  the  transformer-coupled  and  direct- 
coupled  connections  are  separated  in  1553B, 
because  of  the  effects  on  signal  levels  and  impe- 
dance caused  by  the  transformer  turns/ratio. 

The  use  of  transformers  as  a  means  of  coupling 
baseband  signals  in  a  balanced  transmission  line 
system  has  proved  to  be  an  extremely  effective 
approach.  When  designed  and  used  properly, 
transformers  can  perform  effectively  to  maintain 
isolation  and  achieve  signal  integrity  at  a  relatively 
low  cost  and  with  high  reliability.  They  are  not 
extremely  lossy  and  can  readily  achieve  high  com- 
mon mode  rejection. 

Coupling  transformers  are  presently  commer- 
cially available  from  several  sources  thus  freeing 
the  designer  from  this  design  task.  Usually  the 
manufacturer  of  the  transceiver  will  recommend  a 
transformer  for  use  with  the  device.  One  point  not 
to  be  overlooked  is  temperature  rating.  Most  trans- 
formers have  a  lower  maximum  operating  temper- 
ature than  the  other  associated  circuit  compo- 
nents. 
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A  review  of  Transformer  design  considerations  is 
given  in  Chapter  4  of  the  "MIL-HDBK-1553  Multi- 
plex Applications  Handbook". 

5.0  Bus  Controller  Software 

At  the  lowest  level,  the  function  of  a  bus  controller 
is  to  cause  data  to  be  transmitted  over  the  1553  bus. 
For  the  purposes  of  this  discussion,  the  collection 
of  hardware  and/or  software  that  implements  the 
transfer  of  information  over  the  1553  bus  will  be 
referred  to  as  the  Bus  Interface  Unit  (BIU).  The  bus 
interface  may  be  implemented  via  several  devices 
or  by  one  of  the  sophisticated  1553  control  units 
currently  available  on  the  market.  These  devices 
automatically  wait  a  specified  time  (typically  14 
microseconds)  for  a  response  from  a  Remote  Ter- 
minal, know  not  to  expect  a  status  word  after  a 
broadcast  command,  etc.  A  dedicated  processor  or 
state  machine  may  be  utilized  to  offload  the  host 
CPU.  The  host  CPU  has  the  responsibility  of  down- 
loading 1553  messages  to  the  BIU  and  transferring 
data  between  the  BIU  and  other  system  elements. 

As  a  result,  todays  designers  have  a  choice  of  2 
basic  types  of  1553  Bus  Controller  Units: 

(1)  Single  Message  Processors  -  this  type  of  1553 
interface  outputs  individual  messages  without 
requiring  overhead  from  the  host  CPU.  The  Bus 
Interface  Unit  determines  the  validity  of  the  individ- 
ual message  and/or  looks  for  anomalies  in  the  sta- 
tus word.  The  host  CPU  is  responsible  for 
determining  the  next  message  to  be  transmitted,  or 
the  error  recovery  scheme  to  be  implemented. 

(2)  Multiple  Message  Processors  -  this  type  of 
1553  interface  outputs  a  series  of  messages  over 
the  1553  bus  without  host  CPU  intervention.  Each 
message  is  validated  by  the  Bus  Interface  Unit.  If  no 
errors  were  detected,  the  Bus  Interface  Unit  will 
automatically  issue  the  next  message  in  the  frame. 
If  an  error  condition  is  detected,  the  Bus  Interface 
Unit  may  halt  1553  transmissions  or  may  continue 
normal  operation  until  the  end  of  the  frame.  Various 
error  handling  techniques  may  be  initiated  by  the 
hardware,  or  may  be  left  to  the  subsystem  to 
resolve. 

5.1  Single  Message  BlUs 

Single  Message  BlUs  essentially  require  that  the 
subsystem  initiate  and  evaluate  each  message  that 
is  transferred  across  the  1553  bus.  These  devices 
are  usually  less  expensive  than  the  more  sophisti- 
cated Multiple  Message  BlUs.  However,  they 
require  more  host  CPU  overhead.  With  the  low  duty 
cycles  typically  encountered  in  1553,  it  may  seem 
that  the  CPU  can  easily  handle  both  the  1553  activ- 


ity in  addition  to  other  applications.  The  problem  is 
that  application  software  and  bus  traffic  frequently 
grow  in  proportion  with  each  other.  The  growth  in 
bus  traffic  decreases  the  subsystem's  processing 
capacity  at  the  same  time  that  more  applications 
software  is  required  to  process  the  new  data.  This 
"double  growth  requirement"  must  be  considered 
when  performing  the  sizing  and  timing  analysis  of  a 
Single  Message  type  of  BIU. 

5.2  Multiple  Message  BlUs 

In  a  Multiple  Message  BIU,  once  a  START  com- 
mand is  issued  to  the  BIU,  the  subsystem  is  free  to 
handle  other  activities.  It  does  not  need  to  be 
involved  in  the  transfer  of  each  individual  message 
over  the  1553  bus. 

To  accomplish  this,  the  subsystem  typically  stores 
the  1553  messages  in  some  portion  of  RAM  that  is 
also  accessible  to  the  BIU.  The  subsystem  indi- 
cates which  messages  are  to  be  transmitted  by 
loading  a  stack  with  the  addresses  of  the  data 
blocks  containing  the  messages,  in  the  order  in 
which  they  are  to  be  transmitted.  Alternately,  the 
subsystem  may  chain  the  messages  together,  so 
that  each  message  points  to  the  next  message  to  be 
transmitted.  See  Figures  1-5.1  and  I-5.2. 

In  either  case,  the  subsystem  must  indicate  how 
many  messages  are  to  be  transmitted.  This  may  be 
accomplished  by  loading  a  reserved  word  of  the 
RAM  with  a  message  count,  or  by  loading  an  "end 
of  list  marker"  in  the  last  message's  forward  pointer. 

5.3  Message  Headers 

Regardless  of  the  type  of  chaining  architecture 
implemented,  the  BIU  requires  some  "overhead 
information"  for  each  message  being  processed. 
Typically,  this  consists  of  a  control  word  indicating 
the  type  of  1553  message  (Broadcast,  Mode  Code 
or  RT  to  RT),  a  location  to  be  used  for  storing  the 
message's  Time  Tag,  the  channel  on  which  the 
message  is  to  be  transmitted,  the  area  of  RAM  to  be 
used  for  storing  or  retrieving  the  associate  data  and 
command  words,  and  the  address  of  the  next  mes- 
sage. Additional  information  regarding  error  recov- 
ery options  or  interrupt  control  may  also  be 
included.  (Error  recovery  techniques  will  be  dis- 
cussed in  more  detail  in  section  5.6). 

In  Multiple  Message  BlUs,  the  format  of  this  header 
information  is  specified  by  the  vendor.  In  Single 
Message  BlUs,  this  header  structure  is  defined  by 
the  user,  and  is  implemented  in  software  via  the 
host  processor. 
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Figure  1-5.1  Stack  Orientated  Architecture 


The  actual  1553  command  words  may  be  stored 
with  the  overhead  information,  or  it  may  be  stored 
with  the  data  words  associated  with  the  message, 
depending  on  the  architecture  of  the  particular  sys- 
tem. One  or  two  words  may  be  reserved  for  the 
command  word(s)  depending  on  the  type  of  mes- 
sage (RT  to  RT  for  instance). 

Most  1553  messages  are  time  tagged.  This  value 
may  be  the  actual  contents  of  the  system  clock  at 
the  time  the  message  transaction  began  or  com- 
pleted, or  it  may  be  a  system  defined  16  bit  number. 
In  any  event,  it  is  linked  to  the  particular  message 
either  by  a  pointer  or  by  stori  ng  the  actual  Time  Tag 
with  the  rest  of  the  message's  overhead  infor- 
mation. 

5.4  Stacks  vs  Linked  Lists 

As  previously  mentioned,  the  address  of  the  mes- 
sage(s)  may  be  stored  in  either  a  stack  configura- 
tion or  in  a  linked  list.  Each  has  its  advantages  and 
disadvantages.  A  stack  is  simple  to  implement,  and 
facilitates  the  implementation  of  minor  frames. 
Separate  stacks  can  be  used  for  each  minor  frame. 
The  host  simply  initializes  the  stack  pointer  to  the 
appropriate  stack  each  time  the  particular  minor 
frame  is  to  begin.  See  Figure  I-5.3.  Alternatively,  the 
user  can  imbed  the  minor  frames  in  the  contents  of 
the  stack  itself  (see  Figure  I-5.4).  For  instance, 
assume  that  the  frame  consists  of  Messages  1,2, 1, 
3, 1,  4, 1,  4and  then  thesequence  repeats.  Thehost 
can  simply  load  the  messages  into  the  stack  in  that 
order,  and  issue  a  START  command  at  the  begin- 


ning of  each  major  cycle.  A  disadvantage  of  a  stack 
architecture  is  that  it  is  not  easy  to  insert  messages 
into  the  middle  of  an  existing  stack.  A  typical  appli- 
cation would  be  to  insert  an  error  recovery  proce- 
dure into  the  message  stream  upon  detection  of  a 
no  response  or  other  error  condition.  The  host 
would  have  to  physically  change  the  value  of  the 
stack  pointer  to  point  to  the  new  messge  stack. 
When  the  error  recovery  messages  completed,  the 
host  would  have  to  reinitialize  the  stack  pointer  to 
point  to  the  next  message  in  the  original  stack. 

In  a  linked  list  architecture,  each  message  points  to 
the  next  message  to  be  transmitted.  This  makes  it 
very  easy  to  insert  messages  into  the  middle  of  the 
message  stream.  The  bus  controllers  software 
simply  replaces  the  forward  pointer  of  the  particu- 
lar message  with  the  address  of  the  message  to  be 
inserted.  The  last  message  to  be  inserted  would 
then  simply  point  to  the  next  message  in  the  origi- 
nal list.  See  Figure  I-5.5. 

However,  it  is  not  as  easy  to  implement  the  repeti- 
tive minor  frames  with  a  linked  list  architecture.  For 
instance,  let's  assume  that  the  frame  consists  of 
Messages  1,  2,  ,1,  3,  1,  4,  1,  4and  then  the  sequence 
repeats.  The  host  can  set  the  forward  pointer  of 
message  number  1  to  points  to  message  number  2. 
The  problem  arises  with  the  forward  pointer  for 
message  number  2.  If  it  points  back  to  message 
number  1,  the  host  will  have  set  up  an  infinite  loop 
since  message  number  1  point  back  to  message 
number  2.  One  solution  is  to  make  another  copy  of 
message  number  1  and  store  it  in  a  different  portion 
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Because  1553A  (F-16)  allowed  the  message  error 
bit  to  set  when  the  status  word  was  returned  follow- 
ing message  transmissions,  that  bit  must  be 
checked  for  each  1553A  type  transmission.  The 
type  of  protocol  (1553A,  1553B,  F-16,  etc.)  will  be 
indicated  by  either  a  field  in  the  message  header 
control  word  if  each  message  can  be  a  different 
protocol  or  by  a  control  field  accessible  to  the  bus 
control  software  for  block  changes.  Because  of  the 
large  inventory  of  1553A  equipment,  the  mixed 
mode  of  operation  will  exist  for  many  years.  If  a 
message  error  is  indicated  or  if  the  status  word  is 
withheld  the  message  is  to  be  retried  according  to 
the  established  procedures. 


Figure  I-5.2  Linked  List  Architecture 


of  RAM.  Message  2  can  then  point  to  this  copy  of 
message  number  1.  See  Figure  I-5.6.  That  copy 
would  then  point  to  message  number  3.  The  prob- 
lem arises  again  with  the  decision  of  what  to  do 
with  the  forward  pointer  for  message  number  3. 
Additional  copies  can,  of  course,  be  made.  How- 
ever, this  architecture  requires  much  more  memory 
than  does  the  stack  approach,  as  well  as  requiring 
much  more  system  overhead  to  maintain  the  indi- 
vidual messages. 

A  linked  list  approach  is  somewhat  more  complex 
to  set  up.  The  bus  controller  software  must  embed 
the  addresses  of  the  next  message  in  the  body  of 
each  individual  message  block.  As  these  messages 
may  be  scattered  throughout  memory,  the  possibil- 
ity for  error  is  somewhat  greater  than  it  is  in  the 
case  of  a  stack,  where  the  host  simply  loads  a  fixed 
portion  of  RAM  with  the  starting  addresses  of  the 
individual  messages.  With  a  stack  it  is  also  possible 
to  see  at  a  glance  what  messages  will  be  transmit- 
ted, and  in  what  order.  A  linked  list  typically 
requires  a  user  to  perform  a  memory  dump  of  a 
much  larger  area  of  memory  to  trace  the  1553 
setup. 


5.5  Status  Word  Analysis 

The  primitive  bus  controller  must  analyze  each  bit 
in  the  status  word  to  determine  if  any  extraordinary 
action  must  be  taken.  If  several  different  1553  pro- 
tocols are  used,  the  controller  must  differentiate 
the  significance  of  the  bits  and  act  appropriately. 


If  the  service  request  bit  is  set,  then  the  bus  con- 
troller must  either  perform  an  interrogation  to 
determine  the  specific  service  desired  (transmit 
vector  word  mode  code)  and  present  the  data  to 
the  main  bus  controller  for  a  decision,  or  act  upon 
the  request  based  upon  a  table  of  actions  known  to 
the  bus  controller.  See  paragraph  3.6  for  a  detailed 
discussion  of  the  protocol.  The  terminal  flag  and 
subsystem  flag  indicate  faulty  equipment.  These 
problems  are  referred  onto  the  main  bus  control 
program,  unless  an  option  exists  to  mask  the  prob- 
lem (using  an  interrupt  or  to  provide  a  branch  to  a 
set  of  instructions  which  collects  data  or  resolves 
the  problem).  It  may  also  be  a  requirement  to  pass 
these  two  flags  onto  applications  software  such  as 
a  fault  detection,  maintenance,  or  caution/warn- 
ing, or  other  general  applications  programs.  In 
addition  to  these  two  flags,  the  terminal  address 
might  also  be  required  so  as  to  be  able  to  identify 
the  faulty  terminal.  Since  the  data  was  received 
with  no  errors  (for  the  fact  a  status  word  was 
received),  the  applications  software  may  use  the 
subsystem  flag  as  one  of  its  validity  checks  in 
determining  whether  or  not  to  use  the  data.  For 
these  reasons,  some  applications  store  the  status 
word  along  with  the  data  words  in  the  memory 
buffer.  In  other  applications,  if  the  status  word 
and/or  tag  words  are  stored,  they  should  be  separ- 
ated from  the  data  in  order  to  allow  contiguous 
data  blocks  of  more  than  32  words.  The  designer 
should  analyze  the  systems  requirements  and 
determine  the  method  of  storage  to  meet  his  own 
requirements. 

The  remainder  of  the  flags  (dynamic  bus  control 
acceptance  or  broadcast  command  received)  are 
normally  passed  to  the  main  bus  control  software 
as  a  special  condition,  but  the  bus  control  software 
should  be  used  in  performing  dynamic  bus  alloca- 
tion as  an  operational  function.  The  busy  bit  is 
normally  handled  the  same  as  an  error,  since  a 
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Figure  I-5.3  Use  of  Stacks  to  Implement  Minor  Frames 


retry  could  be  quicker  than  the  analysis  to  deter- 
mine that  the  device  was  busy  rather  than  an  error 
had  occurred.  By  the  time  the  retry  is  initiated,  the 
device  should  have  removed  the  busy  bit. 

5.6  Error  Handling 

The  extent  to  which  specific  error  handling  is 
included  in  the  bus  control  software  is  a  matter  of 
design  and  the  level  of  protocol  which  is 
embedded  within  the  bus  controller.  It  is  difficult  to 
embed  specific  error  handling  and  recovery  proce- 
dures because  each  application  has  different 
needs. 

The  bus  controller  is  responsible  for  the  execution 
of  the  parameters  indicated  in  the  channel  control 
words.  Certain  error  handling  activities  are  implicit 
for  these  parameters.  The  bus  controller  is  respon- 
sible for  detecting  that  a  message  has  not  been 
completed;  either  by  hardware  indicating  a  bit 
error,  word  count  error,  Manchester  waveform 
error,  or  lack  of  a  status  word.  Then  the  bus  con- 
troller will  time  out  and  request  the  status  word 
(transmit  status  word  mode  code)  or  simply  retry 
the  message  according  to  the  rules  given  in  the 
message  header  blocks.  The  most  commonly  used 
procedure  is  to  retry  once  on  opposite  bus  before 
trying  next  message  in  the  list.  Many  variations  are 
available  once  it  has  been  determined  that  the 


message  has  failed  to  pass  the  retry  procedure. 
These  issues  are  discussed  in  the  next  section 
under  Error  Recovery  (see  paragraph  5.2.5). 

5.7  Tag  Words 

In  time  critical  functions  (e.g.  flight  controls),  it  is 
often  necessary  to  "time  tag"  the  data  such  that  the 
applications  program  has  an  indication  as  to  the 
data  latency  or  sample  period  of  the  data  it  is  pro- 
cessing. In  some  applications,  the  'lagging"  of  the 
data  occurs  at  the  source  with  the  tag  word  being 
inserted  (usually  in  the  first  data  word)  to  the  mes- 
sage containing  the  data.  During  bus  transmis- 
sions, this  would  be  processed  as  normal  data  and 
passed  to  the  applications  program  for  proces- 
sing. 

In  other  applications,  the  terminal  receiving  the 
data  will  time  stamp  the  data  itself,  usually  using  its 
systems  clock  as  the  tag.  This  tag  word  is  then 
stored  not  in  the  data  buffer  with  the  data,  but  in  an 
accessible  location  to  the  applications  program, 
usually  the  Data  Descriptor  Block  (see  Figure  I- 
3.14).  If  multiple  buffering  schemes  are  imple- 
mented (see  paragraph  3.7.2),  then  a  tag  word  for 
each  buffer  would  be  required.  One  other  tag  word 
approach  is  used,  where  the  receiving  remote  ter- 
minal uses  the  minor  cycle  number,  message  valid- 
ity indication,  and  an  active  buffer  indication. 
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These  tag  words  are  collected  in  a  common  buffer 
area  for  the  applications  software  to  examine 
when  it  begins  processing  of  this  minor  frame 
data.  In  hierarchical  architectures,  where  data 
must  be  passed  between  bus  networks,  data  laten- 
cies can  expect  to  be  increased. 

Terminals  "tagging"  the  data,  which  are  function- 
ing as  the  gateway,  present  a  problem.  It  may  be 
necessary  for  this  tag  word  to  be  appended  to  the 
data  being  passed  through.  In  order  to  accomplish 
this,  the  tag  word  must  now  be  stored  with  the  data 
in  the  data  buffer.  By  the  terminal  appending  this 
tag  word,  the  maximum  word  count  of  the  original 
message  is  limited  to  31  words. 

5.8  General  Software  Considerations 

Many  of  the  functions  previously  discussed  could 
be  implemented  as  separate  BIU  software  or  BIU 
hardware/firmware.  Functions  which  almost  al- 
ways fall  into  the  software  domain  outside  of  the 
BIU  are:  BIU  initialization,  synchronization, 
asynchronous  message  insertion,  scheduling 
tasks  waiting  for  bus-oriented  events,  and  messa- 
ge/device error  handling,  recovery  and  reconfig- 
uration. 


5.8.1  BIU  Initialization 

The  BIU  must  be  set  up  for  communications  and 
the  flow  of  information  controlled  at  a  high  level. 
The  interface  between  the  bus  controller  software 
and  the  BIU  hardware/firmware  is:  (1)  control 
words  which  direct  the  BIU  to  perform  certain 
functions  during  the  normal  course  of  message 
transmissions  and  reception.  This  type  of  informa- 
tion is  conveyed  in  the  message  header  blocks; 
and  (2)  An  I/O  interfaces  which  provides  the  mech- 
anism for  the  initialization  to  be  performed. 

The  following  types  of  data  are  typically  communi- 
cated through  this  interface: 

1)  Characterization  Data 

a)  Whether  the  BIU  is  to  act  as  a  bus  con- 
troller or  remote  terminal. 

b)  Terminal  number  (unique  MIL-STD-1553 
address). 

2)  Access  Data 

a)  Pointer  to  the  next  message  header  block 
that  should  be  acccessed  for  normal  opera- 
tion. 
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Figure  I-5.4  Alternate  Use  of  Stack  to  Implement  Minor  Frame 
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Figure  I-5.5  Inserting  a  Message  Using  a  Linked  List  Architecture 


b)  Pointer  to  next  message  header  block  to  be 
accessed  for  high  priority  message  opera- 
tion. 

c)  Pointer  (base  address  register)  to  the  list  of 
pointers  containing  the  message  areas. 

d)  Pointer  to  the  tag  word  area. 

3)  Operational  Data 

a)  Start  operation. 

b)  Perform  self  test. 

c)  Receive  minor  cycle  number  or  the  current 
time  for  tag  word  entry.  If  time  tagging  is 
used  the  BIU  must  maintain  or  read  a  clock 
to  update  the  time. 

d)  Start  high  priority  message. 

e)  Halt  at  completion  of  current  message 
including  retries  or  additional  error  man- 
agement. 

f)  Halt  immediately. 

g)  Resume  operation  from  wherever  the  sus- 
pension occurred. 


4)  Status  Data 

a)  Current  message  header  block  address 
that  is  being  executed. 

b)  Self-test  results. 

c)  Reason  for  interrupting. 

d)  Characterization  data. 

e)  Access  data. 

f)  Operational  data. 


As  can  be  seen  by  the  list,  all  of  the  functions  that 
are  necessary  to  get  the  BIU  going,  determine 
what  the  BIU  is  doing,  and  to  redirect  it  are  availa- 
ble. In  some  BlUs  the  only  way  to  read  status  data 
is  to  wait  until  it  is  in  a  quiescent  state  after  com- 
manding it  to  halt  its  operations.  Other  BlUs  allow 
the  reading  of  data  at  any  time.  Clearly,  for  the 
operation  of  the  bus,  it  is  desirable  to  be  able  to  (at 
least)  determine  the  current  and  next  message 
header  block  addresses,  so  that  alterations  in  the 
chain  can  be  made  for  asynchronous  messages. 
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Figure  I-5.6  Use  of  Multiple  Copies  of  Individual 
Messages  to  Implement  Major  Frames 


5.8.2  Controller  Synchronization 

Two  or  more  processors  (as  well  as  the  primary 
and  back-up  controller)  may  require  knowledgeas 
to  what  "address  state"  the  others  are  in,  as  well  as 
"what  time  it  is."  In  large  systems  more  than  30 
different  input  messages  are  required  to  be  trans- 
mitted on  the  same  bus  to  the  same  device.  This 
condition  leads  either  to  the  addition  of  more 
buses  or  a  change  of  message  subaddress  mean- 
ing between  each  minor  cycle  (see  paragraph  3.1.1 
for  protocol  discussion).  Synchronization  is  a 
method  of  signaling  each  processor  that  it  is  time 
to  change  the  message  memory  map  to  the  indi- 
cated minor  cycle.  Minor  cycle  synchronization 
also  indicates  that  the  previous  set  of  transmis- 
sions have  been  completed.  This  signal  allows 
tasks  waiting  for  completion  to  begin  processing 
on  the  data  that  arrived  during  the  last  minorcycle. 
This  type  of  coordination  can  assure  that  the  task 
will  operate  on  data  that  is  integral  and  not  subject 
to  change.  Consequently,  all  synchronous  tasks 
can  wait  for  the  start  of  the  next  minor  cycle, 
unless  a  severe  timing  constraint  exists  that 
requires  a  task  to  process  its  data  immediately 
upon  arrival.  In  this  case  an  interrupt  must  be  set 
up  to  accomplish  the  scheduling  of  the  affected 
task. 

5.8.3  Asynchronous  Message  Insertion 

An  aperiodic  message  may  be  requested  to  be  sent 
by  the  applications  software  via  an  executive 
request.  The  bus  controller  must  link  the  data  into 
the  appropriate  message  stream,  usually  in  one  of 
three  ways:  (1)  by  priority  into  the  bottom  or  top  of 
that  priority  level  (Figure  I-5.7  case  3),  (2)  as  the 
next  available  message  to  be  transmitted  (Figure 
I-5.7  case  1  or  3)  as  the  last  message  to  be  transmit- 
ted (Figure  I-5.7  case  2).  Finally,  there  may  be  a 
special  BIU  priority  transmission  as  the  next  mes- 
sage out  (Figure  I-5.7  case  3).  The  message  head- 
ers may  contain  thecapability  to  unlink  (go  back  to 
where  it  was  before  the  priority  interrupt).  How- 
ever, the  bus  controller  must  remove  the  asynchro- 
nous message  from  the  transmission  list  or  link 
into  the  message  list  chain  (in  the  case  of  "transmit 
immediately"),  since  it  may  point  into  a  special 
asynchronous  area  as  shown  in  Figure  l-5.7case  3. 
In  the  third  case  the  asynchronous  transmission 
would  be  initiated  immediately  and  the  next  mes- 
sage header  block  would  cause  a  branch  back  to 
the  next  synchronous  instruction  to  be  transmit- 
ted. Note  that  these  techniques  require  that  the 
bus  controller  determine  which  message  header 
the  BIU  is  operating  upon,  inhibit  it  from  accessing 
the  next  one,  and  link  into  the  message  list  chain  as 
shown  in  Figure  l-5.7case  1. 
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Figure  I-5.7  Asynchronous  Data  Entry 


5.8.4  Scheduling  Via  Bus  Event 

A  scheduler  can  potentially  activate  tasks  based 
upon  a  number  of  events  which  can  occur  overthe 
bus  such  as  minor  cyclesynchronization,  arrival  of 
a  message,  and  completion  of  a  message  transmis- 
sion. The  most  common  occurring  event  is  the 
minor  cycle.  All  normal  synchronous  tasks  can 
wait  for  this  event,  either  in  a  wait  queue  or  by 
having  the  cyclic  tasks  grouped  together.  Because 
this  is  so  dominant,  a  special  routine  may  speed 
the  process.  The  remaining  tasks  will  be  waiting  on 
event  queues,  one  per  event.  The  message  arrival- 
/transmission  event  can  be  signaled  in  some  BlUs 
by  interrupting  if  a  particular  bit  is  set  in  the  control 
word  for  transmission  or  reception  on  the  bus  con- 
troller, or  as  part  of  the  message  pointer  in  a 
remote  terminal.  The  interrupt  handler  mustdeter- 
mine  the  cause  of  the  interrupt,  then  it  will  pass 
control  to  the  bus  controller  to  determine  the  rea- 
son for  the  interrupt.  After  this  it  will  pass  contralto 
the  event  handler  to  set  the  event,  which  will  sche- 
dule tasks  that  have  been  waiting  for  the  event. 


5.8.5  Message  Error  Handling  and  Recovery 

The  bus  controller  is  responsible  for  the  manage- 
ment of  errors  on  the  bus.  If  programmed,  the  BIU 
will  perform  retries  according  to  the  commands  in 
the  control  word.  If  the  retry  procedures  fail  to 
achieve  a  valid  transmission,  then  one  of  three 
courses  are  available;  (1)  the  message  header 
block  may  point  to  another  set  of  message  lists 
which  will  direct  the  BIU  to  perform  further  diag- 
nostic tests,  messages,  or  other  recovery  func- 
tions, (2)  the  message  header  block  may  point  to  a 
specific  error  recovery  routine  which  will  be  exe- 
cuted once  the  executive  has  determined  the  rea- 
son for  the  BIU  error-interrupt,  and  (3)  the 
executive  can  perform  general  error  management 
by  determining  the  type  of  error,  type  of  message, 
source/destination,  and  by  performing  various 
types  of  diagnostic  analyses  according  to  time 
availability  and  need. 

Many  different  error  management  schemes  exist 
based  upon  the  system  requirements  and  individ- 
ual designer's  choice.  Three  examples  are  given  to 
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show  the  variety  which  can  exist  for  error  manage- 
ment routines: 

(1)  Some  error  handling  mechanisms  simply 
delete  communication  with  that  remote  terminal 
until  the  conclusion  of  the  major  cycle,  at  which 
point  a  test  message  (e.g.  transmit  status  word 
mode  code)  is  sent  to  the  RTto  re-establish  com- 
munications. The  results  of  the  test  message 
weighted  by  some  recovery  algorithm  (e.g.,  5  cor- 
rect responses  in  a  row)  will  allow  the  re- 
admission  of  communication  with  the  RT. 

(2)  Ignore  the  failure  and  proceed.  This  moves 
error  recovery  from  the  channel  controller  to  the 
applications  software  for  determination  that  a 
problem  exists  which  requires  additional  action. 
The  tag  word  is  a  valuable  tool  in  this  mode,  since  it 
provides  a  time  stamp  (in  terms  of  either  minor 
cycle  number  or  BlU/processor  clock  time  of  arri- 
val). The  application  software  must  determine 
when  the  non-arrival  of  data  becomes  important 
and  must  invoke  higher  level  application  software 
and  bus  control  functions  to  acquire  alternate 
sources  of  data  if  such  exist.  The  problem  encoun- 
tered in  ignoring  faults  in  communication  are  two 
fold:  a)  data  is  not  necessarily  gathered  relative  to 
the  device  failures  and  b)  multiple  failures  can 
cause  excessive  transmission  delays  which  can  in 
turn  cause  minor  cycle  overruns.  A  variation  on 
this  is  to  perform  error  retries  until  a  maximum 
number  of  retries  have  been  used.  At  that  point 
discontinue  retries  and  finish  the  transmissions 
necessary  for  completion  of  the  minor  cycle. 

(3)  Respond  immediately  to  the  failure  and  initiate 
simple  retry  procedures  based  upon  the  channel 
control  word  parameters.  The  message  header 
block  may  point  to  individual  applications  oriented 
executive  software  routines  that  involve  specific 
error  management  routines  embedded  in  the  bus 
controller.  These  functions  may  be  necessary  to 
perform  a  self-test  or  to  cause  a  message 
sequence  to  be  retried  from  the  beginning.  This 
approach  provides  more  flexibility  in  the  manage- 
ment of  errors  than  the  first  approach,  since  the 
first  approach  could  be  implemented  in  terms  of 
the  capabilities  described  in  the  second.  The  bus 
control  interface  must  provide  utility  functions  that 
could  be  invoked  by  user-defined  routines  for  spe- 
cific message  sequences.  The  more  pre-pro- 
grammed version  of  this  type  of  error  management 
the  more  a  common  recovery  procedure  is  estab- 
lished for  a  specific  class  messages  (there  may  be 
two  or  three  general  classes).  These  procedures 
can  invoke  self-test  in  other  RTs,  decide  when  a 
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device  is  faulty  and  invoke  reconfiguration  func- 
tions. Generally,  the  quicker  the  problem  can  be 
identified,  the  guilty  established  and  recorded  for 
later  analysis  (off-line)  and  the  recovery  per- 
formed, the  simpler  the  system  design  will  be.  The 
availability  of  redundancy  (similar  or  dissimilar) 
plays  an  important  role  in  arriving  at  a  quick  solu- 
tion. Remember,  while  the  system  is  resolving  the 
problem,  it  is  not  doing  its  primary  job. 

5.9  Message  Reception  and  Use 

When  a  bus  controller  commands  a  message  to  be 
transmitted  to  itself,  the  memory  address  into 
which  the  message  is  to  be  sent  is  computed  in  two 
ways;  directly  and  indirectly.  The  direct  address 
method  uses  an  address  in  the  channel  control 
word  to  explicitly  state  the  destination  address. 
The  advantage  of  this  method  is  that  it  is  very 
efficient  for  the  bus  controller  and  retains  very 
explicit  control  at  all  times  as  to  where  the  mes- 
sage will  go.  The  indirect  method  makes  use  of  a 
message  subaddress  and  a  base  register.  The  sub- 
address  and  T/R  bit  of  the  1553  command  word  is 
added  onto  the  base  address  to  determine  the 
address  of  the  memory  location  containing  the 
destination  address  of  the  message  as  shown  in 
Figure  I-5.8.  This  extra  level  of  indirection  is  used 
to  make  it  very  easy  to  change  the  location  to 
which  a  message  will  go  by  simply  changing  the 
base  register  to  point  to  another  block  of  message 
addresses.  The  advantage  of  this  method  is  that  it 
is  very  easy  to  double  buffer  (or  multi-level  buffer) 
messages  coming  into  a  device  at  the  highest 
update  rate.  Note  that  all  message  addresses  can 
be  changed  when  changing  the  base  address  reg- 
ister. Even  if  none  are  to  change  the  base  address 
concept  could  be  employed.  Each  method 
requires  that  the  number  of  words  in  the  message 
be  contained  within  the  message  header  block. 
The  disadvantage  is  for  each  message  access,  a 
separate  memory  fetch  is  required  to  determine 
the  actual  message  location.  A  combination  of  the 
two  methods  results  in  a  base  address  pointing  to 
the  beginning  of  multiple  fixed  32-word  message 
blocks.  This  method  was  used  on  some  of  the 
simpler  bus  controllers.  The  cost  of  simplicity  is 
the  32-word  message  buffer  regardless  of  mes- 
sage length. 

If  a  bus  controller  must  also  act  as  a  remote  termi- 
nal, the  message  reception  mechanism  must  be 
different  from  a  direct  address  scheme.  The  subad- 
dress and  pointer  mechanism  is  the  normal 
method  for  the  reception  and  transmission  of  mes- 
sages. In  the  most  general  case,  each  message 
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message  has  either  arrived  or  been  transmitted. 

An  example  of  such  a  descriptor  format  is  shown  in 
Figure  1-3.14.  This  method  allows  double  buffering 
which  the  remote  terminal  BIU  must  perform  by 
exchanging  the  two  pointer  variables.  Additional 
actions  which  may  occur  are  setting  an  event  flag 
or  causing  an  interrupt  on  either  the  arrival  or  the 
departure  of  a  message.  These  constructs  allow 
two  messages  to  come  to  the  same  subaddress 
without  immediate  software  processing  of  the 
message.  Such  constructs  also  allow  a  "loose" 
coupling  between  the  timing  of  the  message  arri- 
val and  the  processing  of  the  message.  If  only  a 
single  buffer  were  used  the  first  message  must 
either  be  processed  or  it  would  be  written  over  with 
the  arrival  of  the  next  message  to  the  same  subad- 
dress. The  interrupt,  on  the  other  hand,  allows 
immediate  attention  upon  arrival  of  a  particular 
message  (e.g.,  deliver  the  weapon). 

In  conjunction  with  the  arrival  of  each  message 
can  be  a  tag  word  identifying  some  characteristics 
of  the  transmission.  For  example  the  validity  of  the 
message  and  time  of  arrived  are  two  transmission 
parameters  of  use  to  applications  software.  The 
1553B  standard  states  that  invalid  messages  are 
not  to  be  used.  In  reality  most  designs  require  a 
message  to  be  deposited  word  by  word  as  they 
arrive.  If  a  word  in  the  middle  of  the  transmission  is 
in  error,  the  remainder  of  the  message  may  not  be 
deposited.  This  situation  would  result  in  part  of  the 
new  message  and  part  of  the  old  message  being 
consolidated  together.  At  best  the  data  would  be 
independent  and  not  matter  or  at  worst  the  data 
might  be  word-coupled  (e.g.,  two  words  in  a  float- 
ing point  number)  and  changing  one  part  and  not 
the  other  would  completely  change  the  meaning  of 
each.  A  tag  word  allows  the  application  software  to 
determine  validity  and  decide  whether  to  use  the 
old  data,  the  new  data,  (valid  to  the  point  of  error 
discovery)  or  neither  in  its  computation.  The  tag 
word  could  also  be  the  key  into  the  error  manage- 
ment/reconfiguration routines  as  discussed  in 
paragraph  5.2. 

Once  the  data  has  been  received,  the  final  step  is  to 
make  the  data  available  to  the  application  soft- 
ware. In  most  1553  systems,  the  data  is  availableat 
all  times  to  the  applications  software,  and  it  is 
incumbent  upon  the  applications  to  determine  the 
validity  of  the  data  (e.g.  was  the  subsystem  flag  bit 
set  of  is  a  validity  bit  associated  with  the  data 
words)  and  which  of  multiple  buffers  to  use.  In 


processing  or  by  using  buffers  which  have  been 
filled  and  isolated  by  the  1553  BIU.  If  the  system  is 
very  concerned  about  data  integrity  then  com- 
pleted buffers  can  be  moved  to  the  applications 
software  for  use.  Then  when  complete  they  can  be 
output  from  the  applications  software  to  the  1553 
transmission  buffers.  However,  the  rather  high 
penalty  of  copying  each  message  discourages 
most  users  from  applying  this  technique. 

6.0  Testing,  Integration,  and  Instrumentation 

6.1  Testing 

The  purpose  of  any  form  of  testing  is  to  determine 
the  quality  or  functional  capability  of  an  item.  In 
the  testing  of  1553  devices,  the  purpose  of  the  test 
procedure  is  to  verify  that  the  design  does  meet  the 
1553  specifications  and  that  the  options  imple- 
mented have  been  done  so  correctly. 

In  the  early  days  of  1553  implementation,  there 
were  few,  if  any,  standard  components  (e.g.  trans- 
ceivers, encoders/decoders,  protocol  sequencers, 
etc.)  available  for  the  designers  to  use.  Therefore, 
designers  were  developing  their  own  based  upon 
their  interpretation  of  the  standard.  In  addition, 
there  was  no  standard  "off-the-shelf"  1553  test 
equipment  available  to  test  the  design,  so  the 
designers  had  to  develop  limited  capability  testers 
themselves  to  prove  that  their  own  designs  worked 
and  to  provide  their  production  facilities  with  a 
method  of  testing.  As  time  and  the  popularity  of 
the  standard  progressed,  standardized  compo- 
nents (sometimes  available  from  multiple  sources) 
started  to  become  available.  More  important 
though,  the  experience  in  testing  and  integrating 
1553  systems  has  led  to  the  generation  of  a  series 
of  standardized  test  plans  to  support  these 
requirements. 

6.1.1  Levels  of  Testing 

The  levels  of  testing  can  be  identified  as  follows: 
developmental,  design  verification,  production, 
systems  integration,  and  field/operational  testing. 
These  levels  may  be  applied  to  the  remote  termi- 
nal, bus  controller,  monitor,  or  actual  bus  system 
(cable,  couplers,  stubs,  etc.).  These  levels  are  dis- 
cussed as  follows: 

(1)  Developmental  Testing.  Developmental  test- 
ing begins  with  the  breadboard  of  the  design.  It  is 
used  to  determine  the  circuits  operation  and  to 
eliminate  any  design  flaws.  This  level  of  testing 
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also  includes  the  testing  of  the  circuits  operating 
margins  and  tolerance  limits  usually  over  the 
required  operational  requirements  (e.g.  tempera- 
ture range,  etc.). 

(2)  Design  Verification.  For  design  verification, 
usually  a  preproduction  unit  is  subjected  to  a  ser- 
ies of  tests  designed  to  verify  that  the  unit  satisfies 
the  requirements  of  the  1553  standard  and  the 
options  specified  in  the  system  specification.  This 
level  is  generally  the  most  extensive  phase  of 
testing. 

(3)  Production  Testing.  Production  testing  is  gen- 
erally referred  to  as  "end  item"  or  "acceptance" 
testing,  but  can  also  be  applied  to  in-progress  or 
subassembly  items.  It  is  assumed  that  the  design 
has  been  previously  verified  and  that  this  level  of 
testing  is  performed  to  verify  that  all  of  the  circuitry 
is  functioning  properly  including  mode  code  oper- 
ation, error  message  validation,  and  any  other  spe- 
cial sequences  that  can  normally  be  performed. 
Production  testing  procedures  usually  consist  of  a 
subset  of  the  design  verification  tests. 

(4)  Systems  Integration  Testing.  The  purpose  of 
systems  level  testing  is  to  insure  that  all  elements 
of  the  bus  network  "play"  together.  This  level  of 
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testing  is  usually  centered  around  the  operation  of 
the  bus  controller's  software  and  its  ability  to  man- 
age the  data  flow  on  the  bus.  This  level  of  testing  is 
generally  performed  in  a  Systems  Integration 
Laboratory  (see  paragraph  6.2  on  integration). 

(5)  Field/Operational  Testing.  Regardless  of  the 
amount  of  integration  testing  performed,  the  final 
design  verification  is  the  actual  field/operational 
testing  of  the  system.  Often  this  is  the  first  time  the 
actual  subsystems  (as  opposed  to  simulated  sys- 
tems) are  interfaced  to  the  bus  network.  For  mil- 
itary applications  this  level  of  testing  is  usually 
referred  to  as  Development  Test/Operational  Test 
(DT/OT).  This  level  of  testing  is  systems  oriented 
and  encompasses  a  total  examination  of  all  sys- 
tems functions  from  the  man/machine  interface  to 
the  accuracy  to  the  systems  performance. 

Paragraph  1.6.8  describes  the  efforts  of  the  Air 
Force  testing  program  and  the  development  of  a 
series  of  test  plans  to  cover  both  the  remote  termi- 
nal and  bus  controller  for  validation  and  produc- 
tion testing.  These  test  plans  have  been  jointly 
developed  by  industry  and  government  1553 
experts  and  should  be  used  as  a  source  of  gui- 
dance in  the  areas  of  circuit  design,  specification 
interpretations,  and  testing  procedures. 


1553  SOFTWARE  PUTS  TEST  PLAN  UNDER  IBM  PC*  CONTROL.  The  BUS-69005  software  package 
provides  IBM  PC-based  ATE  control  for  FULL  SAE-AE9  RTU  PRODUCTION  TEST  PLAN,  protocol  testing 
with  potentially  "zero"  development  time.  Utilizing  the  BUS-68005  MIL-STD-1553  Data  Bus  Exerciser,  BUS- 
6801 5  Noise  Tester,  a  GPIB  card  and  a  standard  IBM  PC  or  compatible,  the  BUS-69005  delivers  comprehensive 
Production  Test  Plan  customization  capability  for  most  RTU  configurations  within  a  truly  user-friendly,  menu-driv- 
en operating  environment. 

®IBM  PC  is  a  registered  trademark  of  International  Business  Machines  Corporation 
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6.1.2  Test  Requirements 

Test  requirements  for  terminals  can  be  divided  into 
two  main  topics:  electrical  interface  tests  (includ- 
ing noise  tests),  and  protocol  tests.  The  electrical 
interface  tests  apply  to  all  terminal  types  (remote 
terminals,  bus  controllers,  and  monitors),  whereas 
the  protocol  tests  are  a  function  of  the  type  of 
terminal  being  tested.  All  tests  should  be  applied  to 
each  of  the  buses  when  the  terminal  contains 
redundant  buses.  Some  of  the  tests  are  used  to 
"characterize"  the  terminal  rather  that  to  verify 
compliance  to  the  standard  and  the  results  should 
be  included  in  the  Interface  Control  Document 
(see  paragraph  3.9).  Each  of  the  tests  are  summar- 
ized as  follows: 

6.1.2.1  Electrical  Interface  Tests 

The  specifications  called  out  in  the  standard 
define  the  requirements  at  the  connector  pins  of 
the  terminal.  These  points  are  defined  by  point  A  in 
figures  9  and  10  of  MIL-STD-1553B.  It  is  important 
to  note  that  all  of  the  specified  requirements  are  for 
the  terminal  itself  and  are  not  to  be  measured  with 
the  terminal  connected  to  a  system  where  they 
would  be  dependent  on  other  system  elements. 
The  electrical  interface  tests  can  be  subdivided 
into  four  parts:  input,  output,  isolation,  and  noise 
tests. 

The  input  tests  include: 

a)  input  polarity 

b)  input  impedance 

c)  input  signal  amplitude 

d)  zero  crossing  distortion 

e)  rise/fall  times 

f)  common  mode  rejection 

g)  input  bit  rate  stability 

The  output  tests  include: 

a)  output  polarity 

b)  output  amplitude 

c)  zero  crossing  stability 

d)  rise/fall  times 

e)  distortion,  overshoot,  and  ringing 

f)  output  symmetry/tailoff 

g)  output  noise 

h)  power  on/off  noise 

i)  output  bit  rate  stability 

Since  terminals  functioning  as  monitors  need  not 
be  designed  with  a  transmitter,  the  output  tests  do 
not  always  apply. 

The  isolation  tests  are  used  to  verify  the  input  and 
output  isolation  between  buses  in  a  redundant  bus 
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design.  The  requirement  is  given  as  the  ratio  in  dB 
between  the  voltage  on  the  active  bus  and  the 
voltage  on  the  inactive  bus. 

The  noise  rejection  tests  are  required  to  verify  that 
the  terminal  exhibits  a  maximum  word  error  rate  of 
one  part  in  107  when  operating  in  the  presence  of 
additive  white  Gaussian  noise.  The  noise  test  is 
run  continuously  until  the  number  of  words 
received  by  the  terminal  exceeds  the  required 
number  for  acceptance  or  is  less  than  the  required 
number  for  rejection  for  a  particular  number  of 
errors.  The  acceptance/rejection  criteria  is  speci- 
fied in  Table  II  in  the  standard.  In  this  test,  it  is  the 
common  practice  to  gate  the  noise  source  off 
while  the  terminal  responds  to  the  bus  tester.  This 
reduces  the  probability  of  the  status  word  being 
"garbled".  A  typical  set  up  for  the  noise  rejection 
test  is  shown  in  figure  6.1. 

6.1.2.2  Protocol  Tests 

The  protocol  tests  are  performed  as  a  function  of 
the  terminal  type.  Bus  controllers  which  are  also 
capable  of  performing  as  a  remote  terminal  (e.g. 
while  acting  as  the  backup  bus  controller)  need  to 
be  tested  for  both  functions.  The  protocol  tests  for 
the  remote  terminal  and  bus  controller  are  sum- 
marized as  follows: 

(1)  Remote  Terminal  Protocol  Tests.  The  first  step 
in  testing  the  remote  terminal  is  to  verify  that  the 
terminal  responds  properly  to  all  the  legal  (valid) 
information  transfer  formats  including  BC-RT,  RT- 
BC,  RT-RT,  mode  commands  with  and  without 
data  words  (receive  and  transmit).  These  formats 
should  be  tested  with  all  subaddress  and  word 
counts  implemented  in  the  terminal.  All  imple- 
mented mode  code  operations  also  need  to  be 
tested.  If  the  terminal  is  designed  to  recognize 
illegal  commands,  then  all  of  these  commands, 
and  their  specified  response,  need  to  be  tested. 

The  unique  terminal  address  of  the  terminal  needs 
to  be  checked  by  sequencing  the  address  through 
all  combinations  while  issuing  commands  to  all 
the  other  addresses.  In  addition,  if  the  braodcast 
option  has  been  implemented,  all  of  these  tests 
need  to  be  repeated  for  the  broadcast  address. 

The  terminals  timing  characteristics  need  to  be 
verified  and  characterized.  This  includes  the  mea- 
surement of  the  status  word  response  time.  The 
terminal  should  also  be  tested  for  its  ability  to 
respond  to  superseding  commands. 
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Notes: 

(1 )  External  coupler  boxes  (not  included)  require  1 :1 .4  turns  ratio;  DDC's  BUS-25679  recommended. 

(2)  For  noise  tests  the  data  output  is  always  stub  coupled. 

(3)  For  noise  tests,  the  noise  output  can  be  selected  (via  the  front  panel  or  GPIB) 
for  either  stub  or  direct  coupling. 

(4)  Turns  ratio  1:1  for  direct  coupling  and  1.4:1  for  stub. 
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Figure  1-6.1  Typical  BUS-68015  Based  Noise  Test 


The  messge  validation  of  the  terminal  needs  to  be 
examined  by  injecting  messages  with  various  error 
conditions.  The  validation  criteria  which  needs  to 
be  tested  includes: 

a)  sync  errors 

b)  encoding  errors 

c)  bit  count  errors  (word  length) 

d)  parity  errors 

e)  word  count  errors  (message  length) 

f)  gaps  (discontinuous  data) 

(2)  Bus  Controller  Protocol  Tests.  Testing  of  the 
bus  controller  function  requires  prior  knowledge 
of  the  bus  controllers  software.  The  first  step  is  to 
verify  that  the  bus  controller  is  capable  of  issuing 
the  desired  command  list  and  data.  This  is  often 
difficult  to  do,  especially  in  systems  where  events 
occurring  on  the  bus  or  data  word  patterns  cause 
the  insertion  of  various  aperiodic  messages  into 
the  command  list.  Also  an  important  part  of  this 
test  is  to  monitor  that  the  controller  never  issues 
invalid  commands  (1553)  OR  commands  prohi- 
bited by  the  systems  specification  (i.e.  dynamic 
bus  control  mode  codes).  The  bus  controller  must 
also  be  tested  to  insure  that  it  transmits  on  only 
one  bus  at  a  time. 


If  possible,  the  proper  processing  of  the  normal 
valid  terminal  responses  must  be  tested.  The  bus 
controller  must  also  be  tested  for  its  processing  of 
abnormal  or  invalid  responses.  These  may 
include:  no  response;  improper  status  bits;  word 
errors  (sync,  encoding,  parity,  etc.);  discontinuous 
data  words;  and  word  count  errors. 

The  bus  controllers  timing  characteristics  also 
needs  to  be  verified.  This  includes  the  minimum 
intermessage  gap  and  the  minimum  no  response 
time  out.  As  can  be  seen,  knowledge  of  the  soft- 
ware operation  is  required  in  order  to  perform 
most  of  the  bus  controller  protocol  tests. 

6.2  Systems  Integration 

Systems  integration  is  the  process  where  all  of  the 
components  (bus  controllers,  remote  terminals, 
and  subsystems)  are  brought  together  and  "mar- 
ried" into  the  common  bus  network.  For  multilevel 
or  hierarchical  networks,  this  may  be  first  done  at 
the  lower  bus  level  and  then  later  combined  into 
the  total  system.  The  process  almost  always 
includes  the  "marriage"  of  the  system  hardware 
(bus  network)  and  software  (bus  controller  and 
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systems  integration  task  has  been  the  responsibil- 
ity of  the  aircraft  manufacturer  or  the  developer  of 
the  bus  controller. 

To  assist  in  the  integration  effort,  most  companies 
have  developed  Systems  Integration  Laboratories 
(SIL),  usually  dedicated  to  the  particular  program. 
The  SIL  facility  can  vary  greatly  from  a  "hot  bench" 
to  full  computer  simulation.  Today  most  SIL's  pro- 
vide for  a  mixture  of  capabilities  allowing  for  the 
emulation/simulation  of  a  component  until  a 
breadboard  or  preproduction  unit  is  delivered.  The 
advantage  of  this  method  is  that  the  development 
(and  checkout)  of  the  bus  controller  software  and 
the  system  can  proceed  without  having  to  have  the 
actual  equipment. 

While  it  is  the  desire  of  every  systems  designer  to 
"marry"  all  the  components,  apply  power,  and 
watch  everything  work  (correctly),  it  is  seldom,  if 
ever,  accomplished.  To  this  end,  the  method  of 
"incremental  integration"  is  most  often  applied. 
With  this  method,  a  portion  of  the  bus  control  soft- 
ware is  developed  and  initially  integrated  with  one 
or  two  terminals.  Then  as  more  software  is  deve- 
loped or  more  terminals  are  delivered,  they  are 
added  to  the  system  until  at  last  the  entire  system 
has  been  successfully  "married"  together. 


Due  to  the  schedule  compression  of  most  pro- 
grams today,  the  systems  integrator  and  system- 
/bus  controller  software  developers  are  turning  to 
the  emulation/simulation  of  the  systems  compo- 
nents. For  definition  purposes:  emulation  is  used 
to  replace  a  hardware  function  (e.g.  use  of  a  bus 
tester  to  communicate  as  a  remote  terminal);  and 
simulation  is  used  to  perform  the  operational  func- 
tion of  a  terminal  (e.g.  manipulation  of  the  data 
within  the  terminal  based  upon  data  word  contents 
or  a  pre-programmed  algorithm).  In  short,  emula- 
tion applies  to  the  hardware,  whereas  simulation 
applies  to  the  software. 

By  using  the  incremental  integration  method,  it  is 
possible  to  get  an  early  start  on  the  integration  of 
the  bus  controllers  and  the  development  of  the  bus 
control  and  applications  software  development 
and  checkout.  Some  systems  designers  have  used 
bus  testers  (functioning  as  remote  terminals)  to 
emulate  the  various  terminals  on  the  bus.  Some 
testers  are  even  capable  of  emulating  multiple  ter- 
minals based  upon  the  total  number  of  messages 
which  can  be  handled  by  the  tester.  Initially,  the 
actual  content  of  the  data  words  is  of  little  or  no 
importance  and  therefore  they  can  be  set  to  ran- 
dom or  constant  data  patterns  or  be  set  to  incre- 
mentally change  for  each  message  transmission. 


COMPLETE  1553  TEST  AND  SIMULATION  UNDER  IBM  PC®  CONTROL.  The  new  MIL-STD-1553  integrated 
card  and  software  development  package,  is  designated  the  BUS-65517.  Completely  contained  on  a  single  IBM 
PC  compatible  full-slot  card,  with  companion  software  disk,  the  BUS-65517  is  a  versatile  workstation  for  the 
Integrated  Development,  Emulation  and  Analysis  (I.D.E.A.)  of  MIL-STD-1553  systems.  The  BUS-65517  simul- 
taneously simulates  a  Bus  Controller,  31  Remote  Terminals  and  an  active  Monitor.  In  addition,  the  BUS-65517 
provides  comprehensive  Error  Injection  capabilities  with  bit/word  resolution. 
©IBM  PC  is  a  registered  trademark  of  International  Business  Machines  Corporation 
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messages  and  allow  for  the  verification  of  the  bus 
controllers  error  handling  and  recovery  proce- 
dures. 

As  the  integration  and  software  development  pro- 
gress, the  content  of  the  data  words  will  start  to 
become  of  some  importance,  especially  to  the 
applications  programs.  Some  of  the  bus  tester 
have  limited  processing  capability  which  would 
allow  for  the  movement  of  data  between  buffers  or 
simple  operations  upon  the  data.  For  some  termi- 
nals, this  level  of  simulation  may  be  sufficient. 
However,  for  the  more  complex  subsystems  and 
terminals,  it  may  be  necessary  to  go  to  a  bigger 
computer  with  more  computational  power.  To  this 
end,  several  manufacturers  have  developed  1553 
cards  which  interface  to  mini/micro  computer 
backplanes  (e.g.  LSI-11,  PDP-11,  VAX,  NOVA, 
Eclipse,  S.E.L.,  Multibus)  and  interface  via  DMA 
techniques  to  the  computer.  This  allows  for  some 
large  applications  simulation  programs  (i.e.  air- 
craft flight  characteristics,  navigational  models, 
etc.)  to  be  developed  on  the  host  computer  and  the 


This  simulation  method  can  be  used  until  actual 
hardware  is  available  or  until  it  is  necessary  to 
install  the  components  on  the  aircraft  or  platform. 
Most  systems  integrators  retain  the  SI L facility  for 
use  in  solving  system  problems  encountered  dur- 
ing DT/OT  and  for  the  integration  of  future  addi- 
tions to  the  system. 

6.3  Instrumentation 

The  ultimate  systems  test  is  DT/OT  testing. 
Whether  the  application  is  airborne  or  ground 
based,  this  is  often  the  first  time  some  of  the  plat- 
form or  mission  equipment  (e.g.  engines,  sensors, 
weapons  systems,  etc.)  are  connected  to  the  bus 
network.  It  is  also  during  the  DT/OT  phase  that  the 
customer  evaluates  the  performance  of  the  pro- 
duct. Therefore,  it  is  necessary  in  the  effort  of 
continued  systems  integration  or  performance 
evaluation  to  monitorand  collect  data  from  thebus 
network.  In  addition  to  the  testing  phase,  some 
applications  continuously  monitor  certain  bus 
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INTERFACE  CARDS  ADD  1553  I/O  TO  POPULAR  COMPUTERS.  DDC  offers  a  full  line  of  MIL-STD-1553 
BC/RTU/MT  cards  to  interface  the  1553  serial  MUX  bus  to  the  most  popular  computer  buses.  These  cards 
provide  software  selectable  BC,  RTU,  or  MT  operation;  support  all  1553  message  formats,  12  mode  codes, 
and  have  complete  built-in-test  capabilities.  Each  card  includes  a  4K  x  1 6  dual  port  RAM  to  store  1 553  messages 
and  commands,  thereby  reducing  subsystem  processor  overhead.  All  1553  functions,  including  address  recog- 
nition, Manchester  coding  validation,  and  mode  code  response,  are  supported  transparent  to  the  processor. 
Whatever  your  requirement,  you  can  depend  on  DDC  to  satisfy  it  with  an  easy  to  use,  cost  effective  computer 
interface  card. 
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parameters  as  part  of  the  vehicle/platform  mainte- 
nance activity. 

For  validation  and  testing  purposes,  it  is  often 
necessary  to  collect  one  hundred  percent  of  the 
data  bus  traffic.  Today,  bus  monitors  exist  which 
are  capable  of  extracting  all  data  or  being  pro- 
grammed to  collect  only  certain  messages  to 
selective  terminal  addresses  and  subaddresses  or 
error  conditions. 

Since  1553  is  a  one  megabit  asynchronous  bus, 
the  high  speed  (compared  to  other  platform  func- 
tions) and  non-synchronous  nature  of  the  data 
traffic  present  particular  problems  in  the  acquisi- 
tion and  analysis  of  the  data.  There  are  two  prim- 
ary methods  for  acquiring  and  storing  this  data:  on 
board  bulk  storage,  and  telemetry. 

On  board  bulk  storage  is  performed  by  means  of 
magnetic  tape  or  semiconductor  memory.  High 
density,  multitrack  tape  has  advantages  of  allow- 
ing the  data  bus  to  be  recorded  and  synchronized 
to  a  clock.  Its  obvious  disadvantage  is  the  amount 
of  data  which  can  be  acquired  due  to  the  time 
limitations  of  the  tape  (speed,  length,  etc.).  The 
amount  of  data  storeable  in  semiconductor 
memory  can  easily  be  increased  by  the  addition  of 
more  memory,  but  there  are  limitations.  Addition- 
ally, data  compression  techniques  and  algorithms 
can  be  applied  to  condense  the  data  and  increase 
storage  capacity  without  loss  of  data  or  its 
resolution. 

Telemetry  systems  collect  and  encode  the  data  for 
transmission,  via  a  radio  communications  link,  to  a 
ground  station  for  recording  and  analysis.  Sys- 
tems available  today  monitor  for  the  desired  data 
and  then  synchronize  the  data  with  a  clock.  The 
synchronized  data  is  then  encoded  via  pulse  code 
modulation  (PCM)  and  time  multiplexed  along 
with  other  signals  into  the  telemetry  system.  The 
data  is  usually  formatted  to  the  IRIG  (Inter-range 
Instrumentation  Group)  standards  and  hence 
existing  ground  receiving  equipment  can  handle 
the  decommutation  of  the  data. 


The  instrumentation  of  the  data  bus  needs  to  be 
addressed  as  part  of  the  overall  testing  and  sys- 
tems integration  activities.  The  systems  designer 
needs  to  analyze  and  identify  the  signals  with  need 
to  be  monitored  such  that  an  adequate  instrumen- 
tation package  can  be  designed. 
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7.0  Other  Issues 

7.1  Network  System  Security 

The  application  of  multiplex  data  bus  networks  to 
military  aircraft  has  provided  for  a  significant  level 
of  subsystems  and  data  integration,  expanding  the 
capabilities  of  the  avionics  systems.  In  doing  so, 
the  "old"  techniques  of  maintaining  data  security 
by  using  only  discrete  electronics  systems  and 
wiring  is  no  longer  possible  without  sacrificing 
many  of  the  benefits  of  multiplex  systems  integra- 
tion. Therefore,  military  data  bus  network  de- 
signers must  address  the  maintenance  of  data 
security  within  this  integrated  avionics  system  for 
both  flight  and  ground  operations. 


7.1.1  Definitions 

In  order  to  provide  a  common  lexicon  from  which 
to  work  with,  the  following  definitions  are 
provided. 

RED  -  A  designation  applied  to:  a)  all  wirelines 
within  the  terminals  or  data  routing  equipment  car- 
rying classified  plain  language,  b)  all  wirelines 
between  the  unencrypted  side  of  the  on-line 
crypto  equipment  used  and  individual  subscriber 
terminal  equipemnt,  c)  equipment  originating  or 
terminating  classified  plain  text  language,  and  d) 
areas  containing  these  wirelines,  equipment,  and 
the  interconnecting  lines. 

BLACK  -  The  designation  applied  to  all  wire- 
lines, components  equipment,  and  systems  which 
handle  ONLY  encrypted  or  unclassified  signals, 
and  areas  to  which  no  unencrypted  or  classified 
signals  occur. 

RED/BLACK  -  The  concept  that  electrical  cir- 
cuits, components,  equipment,  systems,  etc., 
which  handle  classified  plain  language  data  in 
electrical  form  (RED)  be  separated  from  those 
which  handle  encrypted  or  unclassified  informa- 
tion (BLACK).  Under  this  concept  the  terms  RED 
and  BLACK  are  used  to  clarify  specific  criteria 
related  to,  and  to  differentiate  between  such  cir- 
cuits, components,  equipment,  and  systems,  etc., 
and  the  area  in  which  they  are  contained. 

TEMPEST  -  An  unclassifed  short  name  referring 
to  investigations  and  studies  of  compromising 
emanations.  It  is  sometimes  used  synonymously 
for  the  term  "compromising  emanations"  (e.g. 
TEMPEST  tests,  TEMPEST  inspections,  TEMP- 
EST control  plan). 
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7.1.2  System  Security  Policy 

The  design  (system,  hardware,  and  software)  must 
fulfill  the  operational,  maintenance,  and  logistic 
security  policy  of  the  aircraft,  ship,  or  system,  on 
which  it  is  used.  This  policy  is  established  by  the 
government  program  manager  in  conjunction  with 
the  operational  user.  The  details  of  this  policy 
which  impact  system  designers  are  provided  in  the 
program  security  classification  guide  and  its 
references. 

Some  major  areas  capable  of  impacting  the  design 
are: 

a)  The  maximum  classification  of  the  data  pro- 
cessed by  each  of  the  systems  using  the  bus. 

b)  The  maximum  classification  and  compart- 
mentalization  of  the  data  transferred  via  the 
bus. 

c)  The  maximum  authorized  classification  and 
compartment  level  of  the  systems  connected 
to  the  bus. 

d)  The  access  authorization  of  the  various  crew 
and  maintenance  personnel  who  will  be  using 
systems  conn 

7.1.3  System  Secui 

The  data  bus  network  operates  as  a  time  shared 
system  between  various  processors  and  users  of 
the  data.  If  any  of  these  subsystems  process  RED 
information,  then  the  data  bus  network  design 
must  address  three  complementary  security  areas: 
1)  compromising  emanations  (i.e.  TEMPEST),  2) 
encryption,  and  3)  trusted  message  routing  and 
control.  Each  of  these  areas  interacts  with  the 
other,  and  the  system  designer  must  determine  the 
optimum  combination  to  satisfy  the  security 
requirements. 

System  security  architectures,  each  with  different 
advantages  and  disadvantages,  are: 

1)  All  BLACK  bus  -  No  RED  data  or  RED  data 
processor  is  directly  connected  to  the  bus. 

2)  All  RED  bus  -  All  systems  connected  to  the 
bus  are  authorized  access  to  the  highest  data 
classification  and  all  compartments  using  the 
bus. 

3)  RED/BLACK  Gateway  -  Separate  all  RED  and 
all  BLACK  buses,  as  defined  above,  are  used 
with  a  gateway  to  allow  necessary  data  to 
securely  pass  between  them. 

4)  RED/BLACK  Composite  -  On  a  time-share 
basis,  the  bus  processes  RED  and  BLACK 
data  between  RED  and  BLACK  subsystems 
securely. 


7.1.4  TEMPEST  Design 

TEMPEST  requirements  must  be  fulfilled  by  the 
bus  interface  circuitry  and  the  transmission  media 
(bus  network)  for  data  bus  systems  processing 
RED  information.  The  data  bus  network  shall  fulfill 
the  TEMPEST  provisions  of  the  following  docu- 
ments: 

1)  NACSIM-5100andNACSIM-5112 for  U.S.  Mil- 
itary Systems. 

2)  BID/01/202  (4)  and  BID/01/200  (Series)  for 
United  Kingdom  Military  Systems. 

3)  AMSG-719  and  AMSG-720  for  NATO  Military 
Systems. 

4)  Equivalent  national  requirements  for  other 


7.1.5  Encryption  Designs 

Encryption  techniques  may  be  used  by  the  data 
bus  network  and  its  associated  terminals  and  pro- 
cessor to  convert  RED  data  into  BLACK  data  and 
to  isolate  multiple  classification  levels  and  com- 
partments of  RED  data.  The  specific  encryption 
technique  and  system  design  must  be  approved  by 
the  government  agency  responsible  for  encryp- 
tion certification.  While  a  discussion  of  specific 
acceptable  encryption  techniques  is  beyond  the 
scope  of  this  Designer's  Guide  and  is  classified, 
any  encryption  design  for  military  systems  must 
include  the 


1)  TEMPEST  design  to  preclude  compromising 
emanations  from  by  passing  the  encryption 
circuitry. 

2)  Trusted  design  of  the  encryption  control, 
input/output  and  data  processing  circuitry, 
and  software  to  preclude  information  com- 
promise through  failure  or  manipulation. 

3)  Cryptographic  key  management,  coordina- 
tion, distribution,  and  zeroize  techniques,  cir- 
cuitry and  software. 

4)  Synchronization  and  timing  protocols. 

5)  Encryption  alarm  and  alarm  check  tech- 
niques. 

7.1.6  Trust 
Design 

The  data  bus  network  design  must  fulfill  the 
requirements  of  DoD  5200.28-STD,  "Department 
of  Defense  Trusted  Computer  System  Evaluation 
Criteria",  or  national  equivalent,  with  less  than  one 
undetected  control  error  per  10,000  hours  of  oper- 
ation at  the  maximum  bus  message  transfer  rate. 
Corrective  control  action  to  maintain  and  restore 
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system  trust  must  be  incorporated  tor  detected 
system  security  failures. 

The  data  bus  network  can  be  designed  to  meet 
these  requirements  by  using  the  following: 

1)  Low  bit  error  rate  circuitry  and  cabling 
techniques. 

2)  Parity  coding  of  control  words  involved  in 
message  routing. 

3)  Bus  controller  monitor  to  detect  and  correct 
message  routing  errors. 

Each  of  the  System  Security  Architectures,  as 
defined  in  the  previous  sections,  have  individual 
TEMPEST,  encryption,  isolation,  and  Trusted 
Computer  System  requirements  for  the  data  bus 
network's  transmissions  media,  terminal  and  con- 
troller designs,  and  gateway  designs.  Designers 
are  directed  to  their  Program's  Security  Classifica- 
tion Guide,  DoD  5200.28-STD,  and  the  TEMPEST 
provisions  in  the  aforementioned  documents  for 
assistance  in  determination  of  the  design  require- 
ments. 


7.2  MIL-STD-1760A  Interconnect  Standard  for 
Aircraft  Stores 

MIL-STD-1553B,  due  to  its  maturity  and  adaptabil- 
ity, has  found  itself  being  used,  either  in  total  or 
parts  thereof,  in  other  standards  and  specifica- 
tions within  various  military  architectures.  One 
such  adaptation  has  been  to  MIL-STD-1760A.  In 
addition  to  the  adoption  of  1553B,  new  hierarchi- 
cal multilevel  bus  network  architectures  are  being 
developed  and  imposed  with  this  new  standard. 
For  this  reason,  an  overview  of  1760A,  and  support- 
ing specifications  is  presented  here.  Current  sta- 
tus of  the  1760A  standard  includes  Notices  2and  3. 


7.2.1  Definitions 

MIL-STD-1760A  defines  the  electrical  signal  char- 
acteristics, connectors,  and  interface  software 
(messages)  for  US/NATO  aircraft  and  stores.  For 
definition  purposes,  a  store  is  defined  as  any  exter- 
nal device  attached  totheaircraftand  iscomposed 
of  devices  which  separate  (leave  the  aircraft)  such 
as  a  missiles  and  bombs,  and  as  permanent 
modules  such  as  electronics  pods  (e.g.  ECM,  LAN- 
TIRN,  etc.)  or  fuel  tanks.  Retrofit  systems  employ- 
ing 1760A  stores  include  existing  aircraft  such  as 
the  F-5E,  F-16A/B,  B-52G/H,  and  the  B-1B.  1760A 
stores  will  also  be  designed  into  the  new  ATA,  ATF, 
and  LHX  aircraft. 
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I  he  control  path  tor  these  stores  is  a  MIL-STD- 
1553B  data  bus.  However,  there  are  restrictions, 
selected  options,  and  exceptions  to  1553B  taken 
within  1760A  to  meet  the  aircraft/stores  interopera- 
bility that  requires  attention  by  system  designers. 

MIL-STD-1760A  defines  a  Mission  Stores  Interface 
(MSI)  as  a  single  electrical  receptacle  external  to 
the  store  structure.  The  aircraft  connection  is 
defined  as  the  Aircraft  Station  Interface  (ASI). 
Connection  point  examples  are  pylons,  fuselage 
hard  points,  internal  weapons  bays,  and  wing  tips. 
Umbilical  cables  connect  the  aircraft  ASI  to  the 
store  MSI.  Figure  1-7.1  illustrates  a  weapon  att- 
ached to  an  ejector  (suspension  and  release  equip- 
ment) which  is  attached  to  a  wing  pylon.  The 
primary  1760A  signal  set  is  available  at  the  pylon 
ASI  and  connects  to  the  store  via  the  umbilical  to 
the  MSI.  Each  store  uses  selected  signals  from  the 
available  set  as  required.  A  carriage  store  is  a 
device  that  attaches  a  Carriage  Store  Interface 
(CSI)  to  a  single  weapon  station  ASI  and  can  inter- 
face with  multiple  mission  stores. 

In  1760A,  no  spare  pins  are  available  to  aircraft  or 
store  designers.  All  interface  pins  in  the  connector 
are  fully  defined.  Instead  of  unique  signals  over 
dedicated  wires,  data  in  1553  word  format  is  trans- 
mitted over  a  1553  dual  redundant  standby  bus 
network. 

Mission  stores  contain  embedded  1553  remote  ter- 
minals. Per  the  standard,  mission  stores  must  be 
capable  of  BC-RT,  RT-BC,  and  RT-RT  message 
transfers.  1760A  allows  for  both  normal  1553  bus 
communication  protocol  (command/response), 
and  broadcast  message  protocol.  The  aircraft  has 
the  responsibility  to  function  as  the  bus  controller. 
Due  to  the  safety  critical  nature  of  stores,  dynamic 
bus  control  is  prohibited  from  use  on  a  1760A  bus 
network. 

7.2.2  Restrictions 

Subaddress  assignments  were  defined  in  Notice  2 
and  3  (see  paragraph  3.7.1  on  subaddressing). 
Defined  subaddresses  include:  a)  store  identifica- 
tion, b)  test  operations,  c)  nuclear  store  opera- 
tions, d)  control  and  monitoring,  and  e)  mass  data 
transfer.  As  in  1553B  both  mode  code  indicators 
(00000  and  11111)  are  required.  Mission  store  ter- 
minals are  required  to  implement  the  transmit  sta- 
tus word,  reset  remote  terminal,  transmitter 
shutdown,  override  transmitter  shutdown,  trans- 
mit vector  word,  synchronize  with  data  word,  and 
transmit  last  command  word  mode  codes.  If  the 


Figure  1-7.1  Store  Station  Utilizing  Primary  Signal  Set 


I-87 


ILC  DATA  DEVICE 

CORPORATION   

terminal  flag  bit  is  implemented,  then  the  inhibit 
terminal  flag  mode  code  is  required.  In  addition,  if 
the  service  request  bit  is  used,  the  data  word  asso- 
ciated with  the  transmit  vector  word  mode  code 
must  be  available  when  the  bit  is  set.  The  setting  of 
the  subsystem  flag  bit  is  interpreted  as  a  total  loss 
of  the  store. 

MIL-STD-1760A  imposes  a  30  word  limit  on  both 
transmit  and  receive  messages  to/from  a  store 
(see  paragraph  3.4  on  gates).  The  use  of  check- 
sums in  the  data  message  is  optional  except  for:  a) 
store  identification  messages,  b)  mission  control 
and  monitoring  messages,  and  c)  mass  data 
transfer  messages. 

Store  initialization  sequences  were  defined  in  Noti- 
ces 2  and  3.  The  initialization  procedure  imposes 
on  the  network  bus  controller  a  message  timing 
sequence  to  first  communication  no  sooner  that 
150  milliseconds  for  first  status  response  (with 
potential  for  the  busy  bit  to  be  set  in  the  status 
word)  and  up  to  500  milliseconds  for  response  of  a 
valid  store  identification  message.  The  timing  ref- 
erence point  is  100  milliseconds  after  the  applica- 
tion of  power  to  the  store  (115/120V  ac  and  28V  dc 
power#1).  The  30word  identificaiton  mesagecon- 
sists  of:  a)  a  one  word  header  with  a  fixed  hexade- 
cimal pattern  of  0421 ,  b)  a  one  word  country  code, 
c)  nine  words  of  upper  case  ASCII  representation 
of  the  store  number  (e.g.  AGM-131),  d)  eighteen 
words  of  null  characters,  and  e)  one  word  of  the 
checksum  value  for  the  message. 

7.2.3  MIL-STD-1760A  Signals  Related  to  1553B 

Figure  I-7.2  shows  the  interface  signals  related  to 
the  data  bus  system.  Mux  A  and  mux  B  are  the  1553 
transformer  coupled  stubs  from  the  aircraft.  The 
address  and  odd  parity  bits  are  for  wiring  the  uni- 
que remote  terminal  address  which  is  established 
at  the  ASI  connector.  It  is  permissible  for  stores  to 
latch  the  address  upon  initialization  rather  than 
continuously  reading  it.  Store  implementing 
Notice  3  control  messages  (critical  control  1  word 
4  and  critical  control  2,  word  6)  MUSTalso  read  the 
terminal  address  and  set  the  value  in  the  Address 
Confirm  field  (bits  11-15)  in  each  word  of  the 
message. 

As  shown  in  figure  I-7.2,  the  aircraft  determines  the 
stores  presence  by  monitoring  the  interlock  circui- 
try. The  store  is  designed  to  jumper  the  interlock 
signal  to  the  interlock  return  signal.  The  circuit  is 
broken  when  the  store  separates.  The  store  is  not 
permitted  to  use  the  interlock  signals  to  determine 
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the  aircraft's  presence.  The  store  may  use  the  ter- 
minal address  lines  to  determine  if  the  aircraft  is 
present  (attached).  However,  since  a  single  fault 
failure  is  possible  at  the  address  interface,  the 
store  designer  should  not  allow  safety  critical  func- 
tions to  occur  based  solely  upon  detection  of  the 
no  aircraft. 

Enabling  of  release  consent  is  used  to  signal  to  the 
store  that  safety  critical  messages  arriving  via  the 
data  bus  are  to  be  acted  upon  as  valid  consent 
from  the  aircraft  (crew).  Safety  critical  events 
include  irreversible  functions  such  as  rocket  motor 
ignition,  suspension  hook  release,  and  deploy- 
ment of  chutes  and  fins.  1760A  allows  10  millise- 
conds for  the  consent  signal  stabilization  before 
the  messages  start  arriving.  The  return  reference 
for  release  consent  is  the  return  of  dc  power  #2. 

7.2.4  Data  Bus  Networks  and  Components 

The  network  configuration  depends  upon  the  mis- 
sion. The  initial  store  load  determines  the  number 
of  remote  terminals  to  be  connected  to  the  wea- 
pons network.  During  flight  weapons  are  ex- 
pended and  removed  from  the  bus.  Since  the 
number  of  remote  terminals  is  changing,  the  bus 
loading  and  network  reflections  is  also  changing. 
Improper  store  separation  may  physically  damage 
the  umbilical.  Hot  rocket  exhaust  plume  poten- 
tially could  cause  multiple  shorts  on  the  bus,  ham- 
pering communications  with  the  remaining  stores. 
Since  ASI  and  MSI  connectors  and  umbilicals  are 
exposed  to  extreme  physical  environments,  the 
stubs  are  more  likely  to  experience  shorts  than  the 
network  contained  within  the  aircraft  fuselage. 
Therefore,  the  systems  designer  must  take  special 
precautions  when  designing  1760A  bus  networks. 

Transformer  coupled  stubs  are  required  for  all 
connections  in  1760A.  To  be  interoperable  to  all 
stores,  the  aircraft  coupler  transformer  should  not 
be  center  tapped  on  the  stub  side.  In  order  to 
support  multiple  aircraft  store  stations  without 
routing  the  bus,  coupler  boxes  with  five  to  eight 
transformer  coupled  stubs  are  now  available.  This 
allows  the  bus  to  remain  in  a  more  protected  envir- 
onment, such  as  inside  the  fuselage  or  wing,  and 
branch  out  with  stubs  to  a  cluster  of  external  con- 
nectors at  the  stations. 

Transceiver  output  voltage  for  the  stores  is  set  at  a 
minimum  of  20  volts  when  measured  at  the  MSI; 
two  volts  higher  than  the  1553B  minimum.  This 
additional  requirement  on  transceivers  is  neces- 
sary since  the  network  paths  vary  from  aircraft  to 
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aircraft  and  station  to  station.  The  ASI  and  MSI 
also  cause  network  breakpoints  that  are  not  usu- 
ally made  for  stubs.  Constant  voltage  transceivers 
will  provide  a  tighter  control  of  output  voltage  (as 
opposed  to  constant  current  transceivers)  as  the 
network  load  changes.  Current  limiting  of  the 
transceiver  output  stage  provides  protection 
against  multiple  high  loads  on  the  network. 

Twinax  connector  design  is  required  in  1760A  for 
both  data  bus  signals  (A  and  B).  The  coaxial  data 
high,  data  low,  and  shield  provides  a  protection 
from  the  electromagnetic  environment  (EMI,  EMP, 
and  lighting). 


Figure  I-7.2  1553B  Signals  in  1760A 
7.3  System  2 


System  2  is  a  specification  conforming  to  MIL- 
STD-1760A  covering  the  interface  between  an  air- 
craft and  a  nuclear  weapon.  Publication  of  the 
System  2  specification  has  not  yet  occurred  (7/87). 
Therefore  it  is  not  possible  to  definitively  present 
and  explain  its  implications.  But  there  is  a  need  for 
aircraft,  fire  control,  and  weapons  manufacturers 
and  designers  to  understand  the  req  irements  and 
goals  of  this  specification.  The  development  of 
System  2  goes  back  as  far  as  the  development  of 
MIL-STD-1760.  Early  in  the  development  stage  of 
both  documents,  the  decision  was  made  to  keep 
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1760  standard.  Theevolution  of  System  2 has  been 
slow,  principally  because  of  the  rapid  evolution  of 
1760,  and  the  need  to  avoid  differences  between 
System  2  and  1760A  Notices  2  and  3. 

The  System  2  specification  will  fully  specify  the 
electrical  and  logical  interface  for  a  nuclear  bomb, 
and  will  specify  the  electrical  interface  and  part  of 
the  logical  interface  concerning  warhead  func- 
tions for  missiles  with  nucelar  warheads. 


7.3.1  Significant  Elements  of  System  2 

There  is  one  provision  of  paramount  importance  in 
the  System  2  specification  that  has  impacts  upon 
hardware  and  system  designers.  Remote  terminal 
subaddresses  19  and  27  are  reserved  by  System  2 
for  exclusive  use  by  nuclear  weapons.  This  means 
that  NO  stores  bus  network  can  have  any  remote 
terminals  except  nuclear  weapons  that  use  subad- 
dress  19  or  27  for  any  purpose  if  that  stores  bus 
network  is  ever  to  be  used  in  conjunction  with 
nuclear  weapons.  This  also  means  that  non- 
nuclear  (non-System  2)  weapons  must  not  use 
subaddress  19  or  27  if  they  are  ever  to  be  carrried  in 
a  "mixed  load"  on  the  same  stores  bus  network 
with  nuclear  weapons.  This  restriction  is  signifi- 
cant enough  to  impact  most  aircraft  bus  architec- 
tures and,  unless  it  is  absolutely  unavoidable,  a 
stores  bus  network  should  contain  only  stores  with 
embedded  remote  terminals,  remote  terminals  for 
controlling  the  weapon  (its  suspension  and 
release  equipment),  and  the  stores  fire  control 
(equipment  controlling  1760  and  non-1760  sig- 


the  stores  bus  network.  The  reason  for  this  restric- 
tion is  to  improve  nuclear  safety  by  simplifying  the 
control  of  critical  functions  and  minimizing  the 
possibility  of  interaction  with  other  functions.  For 
this  reason,  the  use  of  an  RT-RT  transfer,  involving 
either  of  the  two  restricted  subaddresses,  is  prohi- 
bited in  System  2.  The  use  of  dynamic  bus  control 
is  also  prohibited. 

Nuclear  certification  becomes  more  difficult  and 
costly  with  complex  systems.  Highly  integrated 
architectures  with  tightly  coupled  subsystems 
necessitate  nuclear  certification  of  subsystems 
having  no  intrinsic  functional  involvement  with  the 
nuclear  weapon,  other  than  perhaps  being  con- 
nected to  the  same  data  bus  network.  Therefore,  it 
is  the  avowed  intention  of  the  System  2  specifica- 
tion and  the  nuclear  certification  community  to 
influence  aircraft  and  systems  designers  to  build 
simply  connected,  highly  isolated,  stores  bus  net- 
works for  nuclear  stores.  This  purpose  should  not 
be  overlooked  when  designing  these  systems. 

System  2  defines  its  interface  requirements  at  the 
1760  ASI.  The  logical  interface,  that  is  the  bus 
messages  definitions,  sequences,  and  protocols 
have  been  developed  and  are  presently  in  review. 
Undoubtedly  there  will  be  some  changes  to  the 
specification  prior  to  its  release.  Care  should  be 
taken  before  designing  any  stores  network  system 
(nuclear  or  non-nuclear)  to  insure  that  all  the 
proper  safeguards  have  been  accounted  for.  Prob- 
ably the  first  implementation  will  become  the  de- 
facto  standard  for  all  following  implementations. 
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II.    REVIEW  AND  RATIONALE  OF 
MIL-STD-1553A  AND  MIL-STD-1553B. 


This  section  is  an  explanation  of  each  partofMIL- 
STD-1553B  on  a  paragraph-by-paragraph  basis. 
The  descriptions  include  (1)  rationale  for  the 
requirements  specified;  (2)  the  requirements; 
and  (3)  identification  of  differences  between  MU- 
ST D -1553  A  andMIL-STD-1553B.  The  1553B part 
that  is  discussed  is  presented  first  (indented  as 
below),  followed  by  the  rationale,  explanations, 
and  differences  from  1553 A. 

1.  SCOPE 

1.1  Scope.  This  standard  establishes 
requirements  for  digital,  command/response, 
time  division  multiplexing  (Data  Bus)  techniques 
on  aircraft.  It  encompasses  the  data  bus  line  and 
its  interface  electronics  illustrated  on  figure  1, 
and  also  defines  the  concept  of  operation  and 
information  flow  on  the  multiplex  data  bus  and 
the  electrical  and  functional  formats  to  be 
employed. 

1.2  Application.  When  invoked  in  a  specification 
or  statment  of  work,  these  requirements  shall 
apply  to  the  multiplex  data  bus  and  associated 
equipment  which  is  developed  either  alone  or  as 
a  portion  of  an  aircraft  weapon  system  or 
subsystem  development.  The  contractor  is 
responsible  for  invoking  all  the  applicable 
requirements  of  this  Military  Standard  on  any  and 
all  subcontractors  he  may  employ. 

Additional  sentences  were  added  to  1553B  to 
clarify  designer  selected  options.  The  basic 
difference  between  1553A  and  1553B  is  that  in 
1553B  the  options  are  defined  rather  than  being 
left  for  the  user  to  define  as  required.  It  was  found 
that  when  the  standard  did  not  define  an  item, 
there  was  no  coordination  in  its  use.  Hardware 
and  software  had  to  be  redesigned  for  each  new 
application.  Therefore,  the  one  primary  goal  of 
1553B  was  to  provide  flexibility  without  creating 
new  hardware  and  software  designs  for  each  new 
user.  This  was  accomplished  by  specifying  the 
"use  of"  rather  than  the  requirement  "to  use"  in 
the  functional  areas  and  by  specifying  the 
electrical  interfaces  explicitly  so  that  compati- 
bility between  designs  by  different  manufac- 
turers could  be  electrically  interchangeable. 

2.  REFERENCED  DOCUMENTS 

2.1  Issue  of  document.  The  following  document, 
of  the  issue  in  effect  on  date  of  invitation  for  bid  or 
request  for  proposal,  forms  a  part  of  the  standard 
to  the  extent  specified  herein. 
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Figure  1  of  1553B.  Sample  Multiplex  Data  Bus 
Architecture 

(Copies  of  specifications,  standards,  drawings, 
and  publications  required  by  contractors  in 
connection  with  specific  procurement  functions 
should  be  obtained  from  the  procuring  activity  or 
as  directed  by  the  contracting  officer.) 

The  only  difference  between  the  two  revisions 
was  that  in  1553B  the  references  to  MIL-STD-461 
and  MIL-STD-462  were  removed  (i.e.,  both 
electromagnetic  interference  requirements  and 
measurement  standards).  MIL-E-6051  "System 
Electromagnetic  Compatibility  Requirements"  is 
still  applicable  in  1553B  to  define  the  wiring  and 
cabling  provisions  of  the  specification  (see  MIL- 
STD-1553B,  paragraph  4.5.1.1.5.3). 

The  definition  section  of  the  standard  has  been 
expanded  and  reordered  in  1553B.  The  purpose 
for  the  change  was  to  address  definitions  in  order 
of  complexity  and  to  describe  new  functions, 
modes,  and  devices.  A  comparison  of  the 
definition  included  in  1553A  and  1553B  is 
presented  in  table  11-1. 

3.  Definitions 

3.1  Bit. Contraction  of  binary  digit:  may  be  either 
zero  or  one.  In  information  theory  a  binary  digit  is 
equal  to  one  binary  decision  or  the  designation  of 
one  or  two  possible  values  of  states  of  anything 
used  to  store  or  convey  information. 
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3.2  Bit  rate.  The  number  of  bits  transmitted  per 
second. 

3.3  Pulse  code  modulation  (PCM).  The  form  of 
modulation  in  which  the  modulation  signal  is 
sampled,  quantized,  and  coded  so  that  each 
element  of  information  consists  of  different  types 
or  numbers  of  pulses  and  spaces. 

3.4  Time  division  multiplexing  (TDM).  The 

transmission  of  information  from  several  signal 
sources  through  one  communication  system 
with  different  signal  samples  staggered  in  time  to 
form  a  composite  pulse  train. 

3.5  Half  duplex.  Operation  of  a  data  transfer 
system  in  either  direction  over  a  single  line,  but 
not  in  both  directions  on  that  line  simultaneously. 

3.6  Word.  In  this  document  a  word  is  a  sequence 
of  16  bits  plus  sync  and  parity.  There  are  three 
types  of  words:  command,  status  and  data. 


3.7  Message.  A  single  message  is  the  transmis- 
sion of  a  command  word,  status  word,  and  data 
words  if  they  are  specified.  For  the  case  of  a 
remote  terminal  to  remote  terminal  (RT  to  RT) 
transmission,  the  message  shall  include  the  two 
command  words,  the  two  status  words,  and  data 
words. 

3.8  Subsystem.  The  device  or  functional  unit 
receiving  data  transfer  service  from  the  data  bus. 

3.9  Data  bus.  Whenever  a  data  bus  or  bus  is 
referred  to  in  this  document  it  shall  imply  all  the 
hardware  including  twisted  shielded  pair  cables, 
isolation  resistors,  transformers,  etc.,  required  to 
provide  a  single  data  path  between  the  bus 
controller  and  all  the  associated  remote 
terminals. 

3.10  Terminal.  The  electronic  module  necessary 
to  interface  the  data  bus  with  the  subsystem  and 


Table  11-1.  Comparison  of  MIL-STD-1553A  and  MIL-STD-1553B  Definitions 


MIL-STD-1553A  definitions 
(paragraph  number) 

MIL-STD-1553B  definitions 
(paragraph  number) 

Bit 

(3.2) 

Bit 

(3.1) 

Bit  rate 

(3.3) 

Bit  rate 

(3.2) 

Pulse  code  modulation 

(3.4) 

Pulse  code  modulation 

(3.3) 

Time  division  multiplexing 

(3.5) 

Time  division  multiplexing 

(3.4) 

Half  duplex 

(3.7) 

Half  duplex 

(3.5) 

Word 

(3.10) 

Word 

(3.6) 

Message 

(3.11) 

'Message 

(3.7) 

"Subsystem 

(3.8) 

Data  bus 

(3.12) 

*Data  bus 

(3.9) 

"Terminal 

(3.10) 

Bus  controller 

(3.13) 

*Bus  controller 

(3.11) 

"Bus  monitor 

(3.12) 

Remote  terminal 

(3.1) 

•Remote  terminal 

(3.13) 

Asynchronous  operation 

(3.8) 

Asynchronous  operation 

(3.14) 

Dynamic  bus  allocation 

(3.9) 

Dynamic  bus  control 

(3.15) 

Command  or  response  mode 

(3.6) 

Command  or  response  mode 

(3.16) 

"Redundant  data  bus 

(3.17) 

"Broadcast 

(3.18) 

"Mode  code 

(3.19) 

"Definition  changed  significantly. 
"Not  previously  defined. 
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the  subsystem  with  the  data  bus.  Terminals  may 
exist  as  separate  line  replaceable  units  (LRU's)  or 
be  contained  within  the  elements  of  the 
subsystem. 

This  definition  of  terminal  is  intentionally  broad. 
Terminals  in  1553  have  common  operational 
characteristics,  as  well  as  assigned  roles  in  data 
bus  operation.  The  three  allowable  roles  are 
defined  in  3.11,  3.12,  and  3.13.  Common 
operational  requirements  of  terminals  are  given 
in  1553B,  paragraph  4.4.1.  Note  that  the  definition 
gives  designers  complete  freedom  of  functional 
partitioning  of  the  operating  parts  of  a  terminal, 
and  that  there  is  also  no  restriction  of  physical 
partitioning. 

3.11  Bus  controller.  The  terminal  assigned  the 
task  of  initiating  information  transfers  on  the  data 
bus. 

3.12  Bus  monitor.  The  terminal  assigned  the  task 
of  receiving  bus  traffic  and  extracting  selected 
information  to  be  used  at  a  later  time. 

3.13  Remote  terminal  (RT).  All  terminals  not 
operating  as  the  bus  controller  or  as  a  bus 
monitor. 

3.14  Asynchronous  operation.  For  the  purpose  of 
this  standard,  asynchronous  operation  is  the  use 
of  an  independent  clock  source  in  each  terminal 
for  message  transmission.  Decoding  is  achieved 
in  receiving  terminals  using  clock  information 
derived  from  the  message. 

This  definition  refers  to  the  electrical 
characteristic  by  which  the  timing  of  message 
bits  in  a  word  are  decoded.  This  use  of 
"asynchronous  operation"  should  not  be 
-.onfused  with  an  asynchronous  message  that 
nay  interrupt  or  suspend  the  transmission  of 
synchronous  (i.e.,  periodic)  messages  in  an 
ivionic  system. 

315  Dynamic  bus  control.  The  operation  of  a 
data  bus  system  in  which  designated  terminals 
ae  offered  control  of  the  data  bus. 

3.16  Command/Response.  Operation  of  a  data 
bis  system  such  that  remote  terminals  receive 
ard  transmit  data  only  when  commanded  to  do 
sc  by  the  bus  controller. 

In  the  case  of  the  definitions  for  message,  bus 
controller,  remote  terminal,  asynchronous 
oparation,  dynamic  bus  control,  and  command/ 
response,  the  change  from  1553A  to  1553B  was 
developed  to  produce  a  more  general  definition. 
However,  in  the  definition  of  data  bus,  1553B 
encompasses   more   equipment.    Instead  of 
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including  only  the  wire,  the  data  bus  couplers  are 
also  included.  Two  definitions  were  added  for 
clarity:  subsystem  and  terminal.  The  others  (bus 
monitor,  redundant  data  bus,  broadcast,  and 
mode  codes)  were  added  to  define  the  additional 
requirements  stated  in  1553B.  The  function  of  a 
bus  monitor  is  to  monitor  the  data  bus  and  record 
specified  bus  activity.  The  objective  of  defining  a 
bus  monitor  function  is  new  to  75536.  Two  basic 
capabilities  have  been  identified  for  the  monitor 
in  paragraph  4.4.4  of  1553B:  (1)  an  offline 
application  including  a  flight  test  recording, 
maintenance  recording,  or  mission  analysis,  and 
(2)  a  unique  data  bus  terminal,  which  provides  an 
internal  backup  bus  controller  function,  with 
sufficient  information  to  take  over  as  the  active 
bus  controller  in  the  even  of  a  switchover  or  a 
failure  of  the  active  bus  controller.  In  these  two 
roles,  the  bus  monitor  hardware  may  have  the 
performance  capability  of  a  terminal  (unique 
address)  or  may  be  attached  to  the  data  bus 
without  the  knowledge  of  the  other  bus  users 
(including  the  bus  controller).  In  this  second 
approach,  no  bus  communication  from  or  to  the 
bus  monitor  by  the  bus  controller  is  possible.  The 
bus  monitor  acts  as  a  passive  listener  to  the 
specified  traffic  it  is  assigned  to  record. 
Obviously,  the  performance  of  a  bus  monitor 
requires  the  monitoring  of  the  data  bus  for 
command  words,  status  words,  and  data  words. 
From  this  monitoring,  the  specific  message 
collection  process  can  occur  during  normal  and 
abnormal  (bus  error  and  recovery)  bus  traffic. 
To  aid  in  accomplishing  the  detection  of  these 
words  (command  and  status),  the  optional 
instrumentation  bits  (bit  10  in  the  status  word) 
and  the  associated  bit  in  the  command  word  (bit 
10)  can  be  set  to  a  logic  1  and  a  logic  0, 
respectively. 

3.17  Redundant  data  bus.  The  use  of  more  than 
one  data  bus  to  provide  more  than  one  data  path 
between  the  subsystem,  i.e.,  dual  redundant  data 
bus,  tri-redundant  data  bus,  etc. 

The  redundant  data  bus  definition  was  added  to 
1553B  to  identify  a  particular  approach  for 
obtaining  multiple  data  paths  to  improve 
message  arrival  probability.  Paragraph  4.6  of 
1553B  discusses  the  use  of  a  dual-redundant  data 
bus  where  the  operation  is  identified  as  dual 
standby.  In  this  mode,  only  one  bus  is  active  at 
any  given  time,  except  when  superseding 
commands  are  sent  on  the  standby  bus.  Under 
this  condition,  the  terminal  responds  to  the  most 
recent  command. 

3.18  Broadcast.  Operation  of  a  data  bus  system 
such  that  information  transmitted  by  the  bus 
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controller  or  a  remote  terminal  is  addressed  to 
more  than  one  of  the  remote  terminals  connected 
to  the  data  bus. 

The  broadcast  definition  has  been  added  to 
75538  to  describe  a  new  protocol  option.  The  use 
of  this  protocol  allows  a  bus  controller  or  a 
remote  terminal  to  address  more  than  one 
terminal  connected  to  the  system.  This  is 
accomplished  by  transmitting  a  dedicated 
terminal  address  (11111)  and  each  receiver 
withholding  the  normal  status  word  response. 

3.19  Mode  code.  A  means  by  which  the  bus 
controller  can  communicate  with  the  multiplex 
bus  related  hardware,  in  order  to  assist  in  the 
management  of  information  flow. 

The  mode  code  definition  was  added  to  1553B 
because  of  the  definition  of  several  mode  code 
operations  in  paragraph  4.3.3.5.1.7.  These 
optional  mode  codes  are  used  to  manage  the 
information  transfer  system.  The  basic 
philosophy  of  the  data  bus  system  is  that  it  is  a 
"transparent  data  communication  link."  This 
means  that  its  operation  and  management  does 
not  involve  the  use  of  the  sensor  data  that  it  is 
transmitting  or  receiving.  However,  overhead  is 
required  to  manage  such  a  data  link.  Therefore, 
command  words,  status  words,  and  message 
gaps  are  required  to  provide  this  capability.  The 
combination  of  command  word,  mode  codes, 
and  responses  to  these  mode  codes  provide  the 
basis  for  managing  the  multiplex  system. 

4.   GENERAL  REQUIREMENTS 

Several  paragraphs  have  been  added,  changed, 
and  renumbered  in  the  requirements  section  of 
1553B  compared  to  1553A. 

4.1    Test   and   operating   requirements.  All 

requirements  as  specified  herein  shall  be  valid 
over  the  environmental  conditions  which  the 
multiplex  data  bus  system  shall  be  required  to 
operate. 

This  new  paragraph  of  the  1553B  was  added  to 
indicate  that  the  performance  requirements 
specified  in  this  standard  shall  apply  over  the 
environmental  conditions  in  which  the  multiplex 
data  bus  system  shall  be  required  to  operate.  It  is 
anticipated  that  for  most  military  applications 
this  will  be  described  by  MIL-E-5400  Class  II  and 
some  nuclear-hardening  specifications.  Because 
of  the  diversity  of  environmental  conditions,  the 
standard  does  not  specify  these  requirements. 
Therefore,  the  system  designer  must  determine, 
from   appropriate   vehicles   or  system 


specifications,  the  environmental  conditions 
imposed  on  the  multiplex  data  bus  system. 

4.2  Data  bus  operation.  The  multiplex  data  bus 
system  in  its  most  elemental  configuration  shall 
be  as  shown  on  figure  1.  The  multiplex  data  bus 
system  shall  function  asynchronously  in  a 
command/response  mode,  and  transmission 
shall  occur  in  a  half-duplex  manner.  Sole  control 
of  information  transmission  on  the  bus  shall 
reside  with  the  bus  controller,  which  shall  initiate 
all  transmissions.  The  information  flow  on  the 
data  bus  shall  be  comprised  of  messages  which 
are,  in  turn,  formed  by  three  types  of  words 
(command,  data,  and  status)  as  defined  in  4.3.3.5. 

This  paragraph  is  identical  to  paragraph  4.1  in 
1553A  with  the  exclusion  of  the  reference  to 
electromagnetic  compatibility,  which  appears  in 
paragraph  4.5.1.1.5.3  of  75536. 

4.3  Characteristics 

4.3.1  Data  form.  Digital  data  may  be  transmitted 
in  any  desired  form,  provided  that  the  chosen 
form  shall  be  compatible  with  the  message  and 
word  formats  defined  in  this  standard.  Any 
unused  bit  positions  in  a  word  shall  be 
transmitted  as  logic  zeroes. 

4.3.2  Bit  priority.  The  most  significant  bit  shall  be 
transmitted  first  with  the  less  significant  bits 
following  in  descending  order  of  value  in  the  data 
word.  The  number  of  bits  required  to  define  a 
quantity  shall  be  consistent  with  the  resolution  or 
accuracy  required.  In  the  event  that  multiple 
precision  quantities  (information  accurancy  or 
resolution  requiring  more  than  16  bits)  are 
transmitted,  the  most  significant  bits  shall  be 
transmitted  first,  followed  by  the  word(s) 
containing  the  lesser  significant  bits  in  numerical 
descending  order.  Bit  packing  of  multiple 
quantities  in  a  single  data  word  is  permitted. 

This  paragraph  is  identical  to  paragraph  4.2  in 
1553A  with  the  additional  capability  in  paragraph 
4.3.2  of  1553B  concerning  bit-packing  of  multiple 
quantities. 

Bit-packing  is  a  method  used  to  improve 
transmission  efficiency  when  subsystem  data, 
which  contain  less  than  16  bits  of  information 
per  parameter  (word),  are  collected  and  distri- 
buted in  one  word  or  message.  Single-bit  data 
and  other  parameters  that  are  characterized  by 
bit  patterns  of  fewer  than  16  bits  will  not  fill  the  16 
bits  of  data  allowed  in  1553  data  word  format. 
Two  approaches  are  used  to  utilize  all  bits  in  a 
word:  (1)  packing  multiple  parameters  and  words 
and  (2)  filling  in  zeros  for  all  unused  bits.  In  the 


II-5 


COlMWATuaill"  MIL-STD  -1553  DESIGNER'S  GUIDE 


first  approach,  the  encoding  and  decoding  cost 
must  be  considered,  while  in  the  second 
approach  the  inefficiency  of  sending  as  little  as 
one  bit  per  word  must  be  considered. 

4.3.3  Transmission  Method 

4.3.3.1  Modulation.  The  signal  shall  be 
transferred  over  the  data  bus  in  serial  digital 
pulse  code  modulation  form. 

This  paragraph  remained  unchanged  in  both 
revisions  of  the  standard. 

4.3.3.2  Data  code.  The  data  code  shall  be 
Manchester  II  bi-phase  level.  A  logic  one  shall  be 
transmitted  as  a  bipolar  coded  signal  1/0  (i.e.,  a 
positive  pulse  followed  by  a  negative  pulse).  A 
logic  zero  shall  be  a  bipolar  coded  signal  0/1  (i.e., 
a  negative  pulse  followed  by  a  positive  pulse).  A 
transition  through  zero  occurs  at  the  midpoint  of 
each  bit  time  (see  figure  2). 
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Figure  2  of  1553B.  Data  Encoding 

This  paragraph  remained  unchanged  in  both 
revisions  of  the  standard. 

4.3.3.3  Transmission  bit  rate.  The  transmission 
bit  rate  on  the  bus  shal  I  be  1 .0  megabit  per  second 
with  acombined  accuracy  and  long-term  stability 
of  ±0.1  percent  (i.e., +1000  Hertz  (Hz)).  Theshort- 
term  stability  (i.e.,  stability  over  1.0  second 
interval)  shall  be  at  least  0.01  percent  (i.e.,  + 100 
Hz). 

The  long-  and  short-term  stability  of  the 
individual  internal  clocks  used  to  transmit 
encoded  data  have  been  relaxed  in  1553B.  The 
order  of  magnitude  reduction  in  transmission  bit 
rate  stability  allows  for  the  selection  of  multiplex 
bus  interface  clocks  that  can  meet  long-shelf-life 
requirements  of  some  weapons. 

4.3.3.4  Word  size.  The  word  size  shall  be  16  bits 
plus  the  sync  waveform  and  the  parity  bit  for  a 
total  of  20  bits  times  as  shown  on  figure  3. 
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Figure  3  of  1553B.  Word  Formats 

The  20-bit  word  size  was  selected  because  it 
represented  the  minimum  number  of  bits  in  a 
word,  when  16  bits  of  data,  a  three-bit  invalid 
Manchester  sync  pattern,  and  a  single  parity  bit 
are  used.  Except  for  paragraph  changes  of  4.2.3.4 
(1553A)  to  4.3.3.4  (1553B)  this  paragraph 
remained  unchanged.  Three-bit  invalid 
Manchester  sync  pattern  is  described  in  1553B, 
paragraph  4.3.3.5. 1. 1  Figure  3  (referenced  in  this 
paragraph)  is  modified  in  1553B  to  reflect  the 
identification  of  status  codes. 

4.3.3.5  Word  formats.  The  word  formats  shall  be 
as  shown  on  figure  3  for  the  command,  data,  and 
status  words. 

Three  types  of  word  formats  were  selected  to 
operate  the  information  transfer  system.  Each 
format  and  the  changes  reflected  in  1553B  will  be 
discussed  in  the  following  paragraphs. 

4.3.3.5.1  Command  word.  A  command  word  shall 
be  comprised  of  a  sync  waveform,  remote 
terminal  address  field,  transmit/receive  (T/R)  bit, 
subaddress/mode  field,  word  count/mode  code 
field,  and  a  parity  (P)  bit  (see  figure  3). 

The  command  word  format  is  used  to  control  and 
manage  the  information  transfer  system.  Two 
basic  additions  were  made  to  the  command  word 
by  1553B.  These  include  the  broadcast  mode  and 
the  identification  of  the  optional  mode  codes. 

4.3.3.5.1.1  Sync.  The  command  sync  waveform 
shall  be  an  invalid  Manchester  waveform  as 
shown  on  figure  4.  The  width  shall  be  three  bit 
times,  with  the  sync  waveform  being  positive  for 
the  first  one  and  one-half  bit  times,  and  then 
negative  for  the  following  one  and  one-half  bit 
times.  If  the  next  bit  following  the  sync  waveform 
is  a  logic  zero,  then  the  last  half  of  the  sync 
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waveform  will  have  an  apparent  width  of  two 
clock  periods  due  to  the  Manchester  encoding. 

The  sync  pattern  used  in  the  standard  remained 
unchanged. 

4.3.3.5.1.2  Remote  terminal  address.  The  next 
five  bits  following  the  sync  shall  be  the  RT 
address.  Each  RT  shall  be  assigned  a  unique 
address.  Decimal  address  31  (11111)  shall  not  be 
assigned  as  a  unique  address.  In  addition  to  its 
unique  address,  a  RT  shall  be  assigned  decimal 
address  31  (11111)  as  the  common  address,  if  the 
broadcast  option  is  used. 


BIT  WORD  SYNC-         -    -  BIT 

Figure  4  of  1553B.  Command  and  Status  Sync 

Each  remote  terminal  will  be  assigned  a  unique 
address  for  which  it  is  responsible  to  respond 
when  the  address  is  transmitted  as  part  of  a 
command  word  on  the  data  bus  by  the  active  bus 
controller.  Only  one  remote  terminal  address 
cannot  be  assigned  as  a  unique  address  (decimal 
address  31 ).  This  address  has  been  assigned  to 
all  remote  terminals  as  the  common  address  for 
which  they  will  receive  broadcasted  data  if  the 
system  uses  the  broadcast  option. 

The  broadcast  mode  provides  a  mechanism  for 
transmitting  information  to  multiple  users  with  a 
single  message.  The  mechanism  for 
accomplishing  this  was  to  dedicate  address  31 
(11111)  to  be  reserved  for  broadcast  messages. 
Anytime  a  broadcast  message  is  transmitted,  the 
transmitting  terminal  will  use  address  31  rather 
than  a  unique  terminal  address.  All  other 
addresses  can  be  assigned  as  in  1553A.  Since 
multiple  sets  of  broadcast  messages  can  be 
responding  status  word  must  be  suppressed.  By 
choosing  the  address  method  to  accomplish  the 
broadcast  mode,  all  the  other  formats  of  the 
command  word  are  available  for  use.  Broadcast 
messages  can  be  used  with  subaddresses  and 
mode  codes.  The  subaddress  in  a  broadcast 
message  can  allow  multiple  users  with  broadcast 
reception  capability  to  sort  our  specific 
broadcast  messages  transmitted,  if  given  this 
capability  in  hardware  or  software.  Therefore, 
multiple  sets  of  broadcast  messages  can  be 
defined.  In  addition,  the  broadcast  format  can  be 
used  with  mode  codes.  This  allows  simultaneous 
transmission  of  mode  commands  to  users. 


Indiscriminate  use  of  the  broadcast  technique  is 
not  advisable.  Designers  must  question  the 
benefit  of  discarding  the  command /response 
format,  in  which  all  message  completion  failures 
are  know  to  the  bus  controller,  to  the  benefits 
described  below.  Broadcast  use  may  increase 
system  operation  complexity  since  subad- 
dresses of  broadcast  address  and  addressed 
terminal  will  not  likely  be  the  same.  This  requires 
additional  subaddresses.  Finally,  the  broadcast 
technique,  if  used,  adds  a  failure  mode  to  the 
system  if  a  terminal  in  a  failure  mode  used 
address  31  for  a  message. 

Proper  use  of  the  broadcast  mode  may  yield 
several  benefits: 

a.  Multiple  terminals  can  be  communicated  with 
simultaneously,  thereby  permitting  time 
synchronization  of  data  or  commands. 

b.  Bus  duty  cycle  can  be  reduced  by  transmitting 
data  required  by  multiple  users  simultaneous- 
ly instead  of  sequentially. 

c.  Some  error  management  can  be  enhanced  by 
providing  a  single  address  by  which  all 
terminals  can  receive  commands  simultan- 
eously. This  permits  the  bus  controller  to 
immediately  command  a  state  for  the  system 
rather  than  polling  each  unit  individually  with 
the  same  command  in  a  serial  fashion. 

The  broadcast  message  capability  can  produce 
considerable  reduction  in  bus  usage.  This  is 
particularly  true  for  systems  using  multiple  units 
for  redundancy  or  systems  dependent  on  parallel 
processing,  thus  requiring  simultaneous  data 
arrival  at  the  processing  units.  As  noted  in  1553B, 
paragraph  10.6  (appendix  to  1553B),  improper 
use  of  the  broadcast  format  can  result  in 
undesirable  system  operation.  Since  no  status 
word  response  is  allowed  from  the  receiving 
terminal,  discretion  must  be  exercised  when 
applying  the  capability.  To  provide  message 
arrival  verification,  a  bit  in  the  status  word  is  set 
when  a  valid  broadcast  message  is  received.  This 
allows  reporting  of  the  reception  if  requested  by 
the  active  bus  controller  using  the  mode  code 
"transmit  status  word. "  In  error  situations,  it  may 
be  advisable  for  the  bus  controller  to  request  the 
last  command  word  to  verify  that  the  broadcast 
command  was  received.  There  may  be  situations 
for  which  rebroadcast  cannot  be  permitted. 
Asking  for  last  command  first  preserves  the  last 
status  word  (i.e.,  the  terminal  does  not  reset  or 
update  status).  In  addition  to  data  transfers,  the 
ability  to  transmit  a  broadcast  command 
message  provides  an  effective  method  for 
managing  the  data  bus  system.  This  capability  is 
performed  using  the  broadcast  address  in 
i  mode  commands. 
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4.4.3.3.1.4  i  ransmu/ receive,  i  ne  next  Dit 
following  the  remote  terminal  address  shall  be 
the  T/R  bit,  which  shall  indicate  the  action 
required  of  the  RT.  A  logic  zero  shall  indicate  the 
RT  is  to  receive,  and  a  logic  one  shall  indicate  the 
RT  is  to  transmit. 

The  transmit/receive  bit  in  the  command  word 
indicates  the  source  of  data  flow  in  the 
information  transfer  system.  Basically,  the 
paragraph  remained  unchanged  for  both 
revisions  of  the  standard  except  for  wording 
changes  and  paragraph  numbering  differences. 

4.3.3.5.1.4  Subaddress/mode.  The  next  five  bits 
following  the  T/R  bit  shall  be  utilized  to  indicate 
an  RT  subaddress  or  use  of  mode  control,  as  is 
dictated  by  the  individual  terminal  requirements. 
The  subaddress/mode  values  of  00000  and 
11111  are  reserved  for  special  purposes,  as 
specified  in  4.3.3.5.1.7,  and  shall  not  be  utilized 
for  any  other  function. 

This  field  has  two  functions:  (1)  the  subaddress 
identification  of  specific  messages  to  a  remote 
terminal  and  (2)  reserved  subaddresses  that 
serve  as  the  identification  that  a  mode  command 
to  the  information  transfer  system  is  being 
transmitted.  Both  of  these  capabilities  were 
present  in  1553A.  However,  an  additional  mode 
code  designator  has  been  established  in  1553B 
(decimal  31).  The  use  of  either  00000  or  1 11 11  in 
the  subaddress/mode  field  will  be  decoded  to 
indicate  that  a  mode  code  command  is  present  in 
the  next  five-bit  field.  This  limits  the  subaddress 
range  to  a  maximum  of  30  unique  addresses.  If 
the  instrumentation  bit  (par.  4.3.3.5.3)  in  the 
status  word  is  implemented,  the  subaddresses 
will  be  limited  to  15  unique  subaddresses.  The 
requirements  for  use  of  the  instrumentation  bit 
are  in  1553B,  paragraph  4.3.3.5.3.4  In  complex 
remote  terminals  (i.e.,  terminals  interfacing  with 
several  sensors  or  multiple  interface  types),  the 
subaddress  capacity  of  a  terminal  can  be 
exceeded.  In  addition,  messages  to  a  given 
remote  terminal-subaddress  may  contain 
"packed"  data  requiring  additional  decoding 
prior  to  distribution  within  the  terminal.  Both  of 
these  conditions  can  cause  the  remote  terminal's 
design  to  incorporate  a  map  (i.e.,  look-up  table) 
approach  for  subaddress  message  distribution. 

4.3.3.5.1.5  Data  word  count/mode  code.  The  next 
five  bits  following  the  subaddress/mode  control 
shall  be  the  quantity  of  data  words  to  be  either 
sent  out  or  received  by  the  RT  or  the  optional 
mode  code  as  specified  in  4.3.3.5. 1 .7.  A  maximum 
of  32  data  words  may  be  transmitted  or  received 
in  any  one  message  block.  All  1's  shall  indicate  a 


aecimai  couni  oi  an,  ana  an  us  snan  inaicaie  a 
decimal  count  of  32. 

The  dual  function  of  this  field  provides  for  the 
identification  of  message  lengths  for  data 
message  or  mode  codes  for  managing  the 
information  transfer  system.  The  identification  of 
both  of  these  capabilities  was  provided  in  75538 
but  only  the  word  count  was  specified  in  1553A 
(even  though  the  mode  code  function  has 
remained  the  same  in  both  revisions).  The  five- bit 
field  allows  32  data  words  to  be  transmitted  in  a 
message  or  32  specific  mode  codes.  This  is 
accomplished  by  one  data  word  being 
represented  as  00001,  and  all  zeros  being  arbi- 
trarily defined  as  decimal  32. 


4.3.3.5.1.6  Parity.  The  last  bit  in  the  word  shall  be 
used  for  parity  over  the  preceding  16  bits.  Odd 
parity  shall  be  utilized. 

The  use  of  a  single  parity  bit  per  word  was 
provided  to  identify  bit  errors  occurring  during 
the  transmission  and  detection  of  a  word. 
According  to  the  statement  in  the  appendix  to 
1553B,  "Theoretical  and  empirical  evidence 
indicates  than  an  undetected  bit  error  rate  of 
10~'2  can  be  expected  from  a  practical  multiplex 
system  built  to  this  standard."  See  1553B, 
paragraph  10.4.  Also  see  noise  test  in  75538, 
paragraph  4.5.2.1.2.4.  This  paragraph  remained 
unchanged  during  both  revisions. 

4.3.3.5.1.7  Optional  mode  control.  For  RT's 
exercising  this  option  a  subaddress/mode  code 
of  00000  or  1 1 1 1 1  shall  imply  that  the  contents  of 
the  word  count  field  are  to  be  decoded  as  a  five  bit 
mode  command.  The  mode  code  shall  only  be 
used  to  communicate  with  the  muliplex  bus 
related  hardware,  and  to  assist  in  the 
management  of  information  flow,  and  not  to 
extract  data  from  or  feed  data  to  a  functional 
subsystem.  Codes  00000  through  01111  shall 
only  be  used  for  mode  codes  which  do  not 
require  transfer  of  a  data  word.  For  these  codes, 
the  T/R  bit  shall  be  set  to  1 .  Codes  1 0000  through 
11111  shall  only  be  used  for  mode  codes  which 
require  transfer  of  a  single  data  word.  For  these 
mode  codes,  the  T/R  bit  shall  indicate  the 
direction  of  data  word  flow  as  specified  in 
4.3.3.5.1.3.  No  multiple  data  word  transfer  shall 
be  implemented  with  any  mode  code.  The  mode 
codes  are  reserved  for  the  specific  functions  as 
specified  in  table  I  and  shall  not  be  used  for  any 
other  purposes.  If  the  designer  chooses  to 
implement  any  of  these  functions,  the  specific 
codes,  T/R  bit  assignments,  and  use  of  a  data 
word,  shall  be  used  as  indicated.  The  use  of  the 
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Table  I.  Assigned  Mode  Codes 


Transmit- 

receive 

bit 

Mode 
code 

Function 

Associated 
data  word 

Broadcast 
command 
allowed 

1 

Dynamic  bus  control 

No 

No 

00001 

Synchronize 

No 

Yes 

1 

00010 

Transmit  status  word 

No 

No 

1 

00011 

Initiate  self-test 

No 

Yes 

1 

00100 

Transmitter  shutdown 

No 

Yes 

1 

00101 

Override  transmitter  shutdown 

No 

Yes 

1 

00110 

Inhibit  terminal  flag  bit 

No 

Yes 

1 

00111 

Override  inhibit  terminal  flag  bit 

No 

Yes 

1 

01000 

Reset  remote  terminal 

No 

Yes 

1 

01001 

t 

Reserved 
t 

No 
No 

TBD 

1 

01111 

Reserved 

TBD 

1 

10000 

Transmit  vector  word 

Yes 

No 

0 

10001 

Synchronize 

Yes 

Yes 

1 

10010 

Transmit  last  command 

Yes 

No 

1 

10011 

Transmit  bit  word 

Yes 

No 

0 

10100 

Selected  transmitter  shutdown 

Yes 

Yes 

0 

10101 

Override  selected  transmitter  shutdown 

Yes 

Yes 

1  or  0 

10110 

11111 

Reserved 
Reserved 

Yes 

TBD 

1  orO 

Yes 

t 

TBD 

Note:  TBD  —  to  be  determined. 


broadcast  command  option  shall  only  be  applied 
to  particular  mode  codes  as  specified  in  table  I. 

The  basic  philosophy  of  the  information  transfer 
system  is  that  it  operates  as  a  transparent 
communication  link.  "Transparent"  means  that 
an  application's  function  does  not  need  to  be 
involved  with  the  management  of  communication 
control.  Obviously,  the  information  transfer 
system  requires  management  that  introduces 
overhead  into  the  transmission  of  data.  The 
command  words,  status  words,  status  word  gaps, 
and  message  gaps  are  the  overhead.  Within  the 
command  word  the  mode  codes  provide  data  bus 
management  capability.  The  mode  codes  have 
been  divided  into  two  groups:  mode  codes 
without  a  data  word  (00000-01111)  and  mode 
codes  with  a  data  word (10000-1111 1 ).  Theuseof 
bit  15  in  the  command  word  to  identify  the  two 
types  was  provided  to  aid  in  the  decoding 
process.  Also,  the  use  of  a  single  data  word 


instead  of  multiple  data  words  was  adopted  to 
simplify  the  mode  circuitry.  Generally,  with  these 
two  types  of  mode  commands,  all  management 
requirements  of  an  information  transfer  system 
can  be  met. 

Control  messages  are  identified  by  the 
subaddress/mode  field  in  the  command  word 
being  set  to  32  (00000)  or 31  (11111).  (In  this  case, 
1553B  defines  decimal  subaddress  32  to  be  equal 
to  binary  00000  so  that  decimal  1  through  decimal 
31  correspond  to  binary  00001  through  11111.) 
All  control  messages  originate  with  the  active  bus 
controller  and  are  received  by  a  single  receiver  or 
by  multiple  receivers  (broadcast).  A  terminal 
address  value  of  31  (111 11)  in  the  command  word 
indicates  a  broadcast  message,  while  any  other 
terminal  addresses  are  to  identify  unique 
messages  to  a  terminal  on  the  bus.  The  mode 
command  information  is  contained  completely  in 
the  mode  code/word  field  of  the  command  word. 

1  be  examined  carefully  to 
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see  the  symmetry  of  the  mode  codes.  The  first  16 
codes  are  not  transmitted  with  a  data  word;  the 
last  16are.  It  is  not  appropriate  to  broadcast  some 
of  the  mode  codes  because  of  the  possibility  of 
bus  crashes  —  simultaneous  transmission  by  two 
or  more  terminals.  Examples  are  requests  for 
transmissions  from  RTs.  Also,  broadcast  of 
dynamic  bus  control  makes  no  sense.  The  T/Rbit 
is  important  for  mode  codes  17  to  31  because  it 
defines  whether  bus  controller  or  RT  is  to 
transmit  the  associated  data  word. 

The  use  of  mode  commands  option  is  defined  in 
both  versions  of  the  standard;  however,  1553B 
defines  each  mode  command  while  1553A  only 
defines  dynamic  bus  control.  There  is  no 
particular  reason  for  the  assignment  of  the  mode 
codes,  except  for  dynamic  bus  control  (00000), 
which  was  previously  defined  in  1553A,  and  this 
separation  of  mode  command  by  their  use  of  a 
data  word.  The  purpose  of  reserved  mode 
commands  in  each  category  (with  and  without 
data  words)  is  important  to  allow  for  controlled 
expansion  of  the  standard.  By  controlling  the 
mode  code  command  number  and  its  definition, 
commonality  between  various  terminal  can  be 
maintained.  Each  mode  code  command 
identification  is  listed  in  1553B,  table  I.  All  other 
mode  codes  are  considered  illegal  commands. 
The  message  formats  associated  with  mode 
commands  are  shown  in  figure  11-1. 


4.3.3.5.1.7.1  Dynamic  bus  control.  The  controller 
shall  issue  a  transmit  command  to  an  RT  capable 
of  performing  the  bus  control  function.  This  RT 
shall  respond  with  a  status  word  as  specified  in 
4.3.3.5.3.  Control  of  the  data  bus  passes  from  the 
offering  bus  controller  to  the  accepting  RT  upon 
completion  of  the  transmission  of  the  status  word 
by  the  RT.  If  the  RT  rejects  control  of  the  data  bus, 
the  offering  bus  controller  retains  control  of  the 
data  bus. 

The  dynamic  bus  control  mode  command 
(00000)  is  provided  to  allow  the  active  bus 
controller  a  mechanism  (using  the  information 
transfer  system  message  formats)  to  offer  a 
potential  bus  controller  (operating  as  a  remote 
terminal)  control  of  the  data  bus.  Only  the  single 
receiver  command  request  (unique  address)  is 
allowed  to  be  issued  by  the  active  bus  controller. 
The  response  to  this  offering  of  bus  controller  is 
provided  by  the  receiving  remote  terminal  using 
the  dynamic  bus  control  acceptance  bit  in  the 
status  word  (par.  4.3.3.5.3).  Rejection  of  this 
request  by  the  remote  terminal  requires  the 
presently  active  bus  controller  to  continue 
offering  control  to  other  potential  controllers  or 
remain  in  control.  When  a  remote  terminal 
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MODE  CODE 

STATUS 

COMMAND 

RESPONSE 

□ 


Source:  bus  controller     Source:  single  receiver 
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Transmit  Mode  Command  With  Data  Word  to  Multiple  Receivers 
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Source:  bus  controller  Mode  data  word 


4£  Response  time  delay  or  gap 
□  End  of  message  delay  or  gap 

Figure  11-1.  Mode  Command  Message  Transfer 
Formats 

accepts  control  of  the  data  bus  system  by  setting 
the  dynamic  bus  control  acceptance  bit  in  the 
status  word,  control  is  relinquished  by  the 
presently  active  bus  controller,  and  the  potential 
bus  controller  begins  bus  control. 

Note  that  the  sequence  above  requires  software 
(or  firmware)  implementation  in  all  bus 
controllers. 

4.3.3.5.1.7.2  Synchronize  (without  data  word). 

This  command  shall  cause  the  RT  to  synchronize 
(e.g.,  to  reset  the  internal  timer,  to  start  a 
sequence,  etc.)  The  RT  shall  transmit  the  status 
word  as  specified  in  4.3.3.5.3. 

4.3.3.5.1.7.12  Synchronize  (with  data  word).  The 

RT  shall  receive  a  command  word  followed  by 
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data  word  as  specified  in  4.3.3.5.2.  The  data  word 
shall  contain  synchronization  information  for  the 
RT.  After  receiving  the  command  and  data  word, 
the  RT  shall  transmit  the  status  word  as  specified 
in  4.3.3.5.3. 

Synchronization  informs  the  terminal(s)  of  an 
event  time  to  allow  coordination  between  the 
active  bus  controller  and  receiving  terminals. 
Synchronization  information  may  be  implicit  in 
the  command  word  (mode  code  00001 )ora  data 
word  (mode  code  10001)  may  be  used  to  follow 
the  command  word  to  provide  the 
synchronization  information.  If  a  data  word  is 
used,  the  definition  of  the  bit  meanings  is  the 
responsibility  of  the  system  designer. 

4.3.3.5.1.7.3  Transmit  status  word.  This 
command  shall  cause  the  RT  to  transmit  the 
status  word  associated,  with  the  last  valid 
command  word  preceding  this  command.  This 
mode  command  shall  not  alter  the  state  of  the 
status  word. 

The  status  word  associated  with  mode  code 
(00010)  is  shown  in  figure  11-2  and  contains  the 
following  information: 

a.  Transmitting  terminal  address 

b.  Message  error  bit 

c.  Instrumentation  bit 

d.  Service  request  bit 

e.  Broadcast  command  receive  bit 

f.  Busy  bit 

g.  Subsystem  flag  bit 

h.  Terminal  flag  bit 

Details  concerning  the  usage  of  the  status  bits 
are  discussed  in  1553B,  paragraph  4.3.3.5.3.  The 
only  message  format  for  acquiring  the  status 
word  using  this  mode  code  is  for  the  bus 
controller  to  request  the  status  word  from  a  single 
receiver.  Note  that  use  of  this  mode  code  by  the 
bus  controller  causes  the  last  status  word  to  be 
transmitted.  Some  subtle  conditions  need  to  be 
examined  by  the  designer  who  uses  this  mode 
command.  For  example,  if  the  transmit  built-in- 
test  mode  command  is  needed  to  verify  the 
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terminal  is  operational,  that  request  (see 
4.3.3.5.1.7.14)  must  be  issued  after  the  transmit 
status  word  mode  code  to  prevent  loss  of  the 
previous  message's  status. 

4.3.3.5.1.7.4  Initiate  self  test.  This  command  shall 
be  used  to  initiate  self  test  within  the  RT.  The  RT 
shall  transmit  the  status  as  specified  in  4.3.3.5.3. 

The  initiate  self-test  mode  command  (00011)  is 
provided  to  initiate  built-in-test  (BIT)  circuitry 
within  remote  terminals.  The  mode  code  is 
usually  followed,  after  sufficient  time  for  test 
completion,  by  a  transmit  BIT  word  mode 
command  yielding  the  results  of  the  test.  The 
message  formats  provided  for  this  mode 
command  allow  for  both  individual  requests  and 
multiple  requests.  Notice  that  the  initiate  self-test 
mode  command  is  associated  with  the  multiplex 
system  terminal  hardware  only. 

4.3.3.5.1.7.14  Transmit  built-in-test  (BIT)  word. 

This  command  shall  cause  the  RT  to  transmit  its 
status  word  as  specified  in  4.3.3.5.3  followed  by  a 
single  data  word  containing  the  RT  BITdata.  This 
function  is  intended  to  supplement  the  available 
bits  in  the  status  words  when  the  RT  hardware  s 
sufficiently  complex  to  warrant  its  use.  The  data 
word,  containing  the  RT  BIT  data,  shall  not  be 
altered  by  the  reception  of  a  transmit  last 
command  or  a  transmit  status  word  mode  code. 
This  function  shall  not  be  used  to  convey  BIT 
data  from  1 


Figure  11-2.  Status  Word 


The  transmit  BIT  word  mode  command  (10011) 
provides  the  BIT  results  available  from  a  terminal, 
as  well  as  the  status  word.  Typical  BIT  word 
information  for  both  embedded  and  standalone 
remote  terminals  includes  encoder-decoder 
failure,  analog  T/R  failures,  terminal  control 
circuitry  failures,  power  failures,  subsystem 
interface  failures,  and  protocol  errors  (e.g., 
parity,  Manchester,  word  count,  status  word 
errors,  and  status  word  exceptions).  The  internal 
contents  of  the  BIT  data  word  are  provided  to 
supplement  the  appropriate  bits  already  available 
via  the  status  word  for  complex  terminals.  Notice 
that  the  transmit  BIT  word  within  the  remote 
terminal  ". . .  shall  not  be  altered  by  the  reception 
of  a  transmit  last  command  or  transmit  status 
word  mode  code"  received  by  the  terminal.  This 
allows  error  handling  and  recovery  procedures  to 
be  used  withoutchanging  the  error  data  recorded 
in  this  word.  However,  the  RT  will  only  save  the 
last  command,  and  the  status  code  field  (of  the 
status  word)  will  not  be  changed  if  transmit  last 
command  or  transmit  status  word  mode 
commands  are  transmitted.  If,  however,  any 
other  transmissions  are  made  to  the  RT,  the 
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Broadcast  of  this  command  by  the  bus  controller 
is  not  allowed.  See  paragraphs  4.3.3.5.1.7.3  and 
4.3.3.5.1.7.13 

Another  point  worth  noting  is  that  the  function  of 
transmitting  RT  BIT  data  ". . .  shall  not  be  used  to 
convey  BIT  data  from  the  associated 
subsystem(s)."  Subsystem  fault  investigation, 
when  indicated  by  the  subsystem  flag,  is  not 
specified  or  otherwise  restricted  by  1553. 
Therefore,  system  designers  must  make  the 
necessary  provisions. 


4.3.3.5.1.7.5  Transmitter  shutdown.  This 
command  (to  only  be  used  with  dual  redundant 
bus  systems)  shall  cause  the  RT  to  disable  the 
transmitter  associated  with  the  redundant  bus. 
The  RT  shall  not  comply  with  a  command  to  shut 
down  a  transmitter  on  the  bus  from  which  this 
command  is  received.  In  all  cases,  the  RT  shall 
respond  with  a  status  word  as  specified  in 
4.3.3.5.3.  after  this  command. 

4.3.3.5.1.7.6  Override  transmitter  shutdown.  This 
command  (to  only  be  used  with  dual  redundant 
bus  system)  shall  cause  the  RT  to  enable  a 
transmitter  which  was  previously  disabled.  The 
RT  shall  not  comply  with  a  command  to  enable  a 
transmitter  on  the  bus  from  which  this  command 
is  received.  In  all  cases,  the  RT  shall  respond  with 
a  status  word  as  specified  in  4.3.3.5.3  after  this 
command. 

4.3.3.5.1.7.15  Selected  transmitter  shutdown. 

This  command  shall  cause  the  RT  to  disable  the 
transmitter  associated  with  a  specified  redundant 
data  bus.  The  command  is  designed  for  use  with 
systems  employing  more  than  two  redundant 
buses.  The  transmitter  that  is  to  be  disabled  shall 
be  identified  in  the  data  word  following  the 
command  word  in  the  format  as  specified  in 
4.3.3.5.2..  The  RT  shall  not  comply  with  a 
command  to  shut  down  a  transmitter  on  the  bus 
from  which  this  command  is  received.  In  all 
cases,  the  RT  shall  respond  with  a  status  word  as 
specified  in  4.3.3.5.3. 

4.3.3.5.1.7.16  Override  selected  transmitter 
shutdown.  This  command  shall  cause  the  RT  to 
enable  a  transmitter  which  was  previously 
disabled.  The  command  is  designed  for  use  with 
systems  employing  more  than  two  redundant 
buses.  The  transmitter  that  is  to  be  enabled  shall 
be  identified  in  the  data  word  following  the 
command  word  in  the  format  as  specified  in 
4.3.3.5.2.  The  RT  shall  not  comply  with  a 
command  to  enable  a  transmitter  on  the  bus  from 
which  this  command  is  received.  In  all  cases,  the 


Four  mode  code  commands  are  provided  to 
control  transmitters  associated  with  terminals  in 
a  system.  These  commands  can  be  sent  to  a 
single  receiver  or  broadcast  to  multiple  users. 

The  transmitter  shutdown  mode  code  (00100)  is 
used  in  a  dual-redundant  bus  structure  where  the 
command  causes  the  transmitter  associated  with 
the  other  redundant  bus  to  terminate 
transmissions.  No  data  word  is  provided  for  this 
mode. 

The  override  transmitter  shutdown  mode  code 
(00101 )  is  used  in  a  dual-redundant  bus  structure 
where  the  command  allows  the  transmitter 
previously  disabled  associated  with  the 
redundant  bus  to  transmit  when  commanded  by  a 
normal  bus  command  initiated  by  the  active  bus 
controller.  No  data  word  is  provided  for  this  mode 
code. 

The  selected  transmitter  shutdown  mode  code 
(10100)  is  used  in  a  multiple  (greater  than  two) 
redundant  bus  structure  where  the  command 
causes  the  selected  transmitter  to  terminate 
transmissions  on  its  bus.  A  data  word  is  used  to 
identify  the  selected  transmitter. 

The  override  selected  transmitter  shutdown 
mode  code  (10101)  is  used  in  a  multiple  (greater 
than  two)  redundant  bus  structure  where  the 
command  allows  the  selected  transmitter  to 
transmit  on  its  bus  when  commanded  by  a  normal 
bus  command  initiated  by  the  active  bus 
controller.  A  data  word  is  used  to  identify  the 
selected  transmitter. 

4.3.3.5.1.7.7  Inhibit  terminal  flag  (T/F)  bit.  This 
command  shall  cause  the  RT  to  set  the  T/F  bit  in 
the  status  word  specified  in  4.3.3.5.3  to  logic  zero 
until  otherwise  commanded.  The  RT  shall 
transmit  the  status  word  as  specified  in  4.3.3.5.3. 

The  inhibit  terminal  flag  mode  code  (00110)  is 
used  to  set  the  terminal  flag  bit  in  the  status  word 
to  an  unfalled  condition  regardless  of  the  actual 
state  of  the  terminal  being  addressed.  This  mode 
code  is  primarily  used  to  prevent  continued 
interrupts  to  the  error  handling  and  recovery 
system  when  the  failure  has  been  noted  and  the 
system  reconfigured  as  required.  Commanding 
this  mode  code  prevents  future  failures  from 
being  reported,  which  normally  would  be  re- 
ported using  the  terminal  flag  in  each  subsequent 
status  word  response.  The  message  format 
associated  with  the  mode  code  allows  for  both 
single  receivers  and  multiple  receivers  to 
respond.  No  data  word  is  required  with  this  mode 
code.  Note  that  the  terminal  flag,  which  is  used  to 
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indicate  an  RT  fault  condition  is  implicitly  limited 
to  terminal  faults. 

4.3.3.5.1.7.8  Override  inhibit  T/F  bit.  This 
command  shall  cause  the  RT  to  override  the 
inhibit  T/F  bit  specified  in  4.3.3.5.1.7.7.  The  RT 
shall  transmit  the  status  word  as  specified  in 
4.3.3.5.3. 

The  override  inhibit  T/F  flag  mode  command 
(001 11)  negates  the  inhibit  function  thus  allowing 
the  T/F  flag  bit  in  the  status  response  to  report 
present  condition  of  the  terminal.  This  mode 
code  can  be  transmitted  by  the  active  bus 
controller  to  both  single  and  multiple  receivers. 
There  is  no  data  word  associated  with  this  mode 
code. 

4.3.3.5.1.7.9  Reset  remote  terminal.  This 
command  shall  be  used  to  reset  the  RT  to  a  power 
up  initialized  state.  The  RT  shall  first  transmit  its 
status  word,  and  then  reset. 

The  reset  remote  terminal  mode  code  (01000) 
causes  the  addressed  terminal  to  reset  itself  to  a 
power-up  initialized  state.  This  mode  code  may 
be  transmitted  to  an  individual  or  to  multiple 
terminals. 

4.3.3.5.1.7.11  Transmit  vector  word.  This 
command  shall  cause  the  RT  to  transmit  a  status 
word  as  specified  in  4.3.3.5.3  and  a  data  word 
containing  service  request  information. 

The  transmit  vector  word  mode  code  (10000)  is 
associated  with  the  service  request  bit  in  the 
status  word  and  is  used  to  determine  specific 
service  being  required  by  the  terminal.  The 
service  request  bit  and  the  transmit  vector  word 
provide  the  only  means  available  for  the  terminal 
to  request  the  scheduling  of  an  asynchronous 
message  if  more  than  one  service  request  exists 
per  terminal.  The  message  format  for  this  single 
receiver  operation  contains  a  data  word 
associated  with  the  terminal's  response.  Figure 
11-3  illustrates  the  message  formats  associated 
with  this  mode  command. 

4.3.3.5.1.7.13  Transmit  last  command  word.  This 
command  shall  cause  the  RT  to  transmit  its  status 
word  as  specified  in  4.3.3.5.3  followed  by  a  single 
data  word  which  contains  bits  4-19  of  the  last 
command  word,  excluding  a  transmit  last 
command  word  mode  code  received  by  the  RT. 
This  mode  command  shall  not  alter  the  state  of 
the  RT's  status  word. 

The  transmit  last  command  mode  code  (10010)  is 
used  in  the  error  handling  and  recovery  process 


to  determine  the  last  valid  command  received  by 
the  terminal,  except  for  this  mode  code.  Also  this 
mode  code  will  not  change  the  state  of  the  status 
word.  The  message  format  associated  with  the 
single  receiver  last  command  word  contains  a 
data  word  from  the  responding  terminal.  The  data 
word  contains  the  previous  16  bits  of  the  last  valid 
command  word  received.  Notice  that  this  mode 
command  will  not  alter  the  state  of  the  receiving 
terminals  status  word.  This  fact  allows  this  mode 
command  to  be  used  in  error  handling  and 
recovery  operation  without  affecting  the  status 
word,  which  can  have  added  error  data. 

4.3.3.5.1.7.10  Reserved  mode  codes  (01001  to 

01 1 1 1 ).  These  mode  codes  are  reserved  for  future 
use  and  shall  not  be  used. 

4.3.3.5.1.7.17  Reserved  mode  codes  (10110  to 

1 1 1 1 1 ).  These  mode  codes  are  reserved  for  f  utu  re 
use  and  shall  not  be  used. 

Each  of  the  mode  code  types  (with  and  without 
data  words)  have  several  unused  mode  codes 
that  are  reserved  for  future  use  and  cannot  be 
used  without  the  permission  of  the  Military 
Standard's  Controlling  Agency. 

4.3.3.5.2  Data  word.  A  data  word  shall  be 
comprised  of  a  sync  waveform,  data  bits,  and  a 
parity  bit  (see  figure  3). 

Figure  11-4  illustrates  the  1553  data  word. 

4.3.3.5.2.1  Sync.  The  data  sync  waveform  shal  I  be 
an  invalid  Manchester  waveform  as  shown  on 
figure  5.  The  width  shall  be  three  bit  times,  with 
the  waveform  being  negative  for  the  first  one  and 
one-half  bit  times,  and  then  positive  for  the 
following  one  and  one-half  bit  times.  Note  that  if 
the  bits  preceding  and  following  the  sync  are 
logic  ones,  then  the  apparent  width  of  the  sync 
waveform  will  be  increased  to  four  bit  times. 

4.3.3.5.2.2  Data.  The  sixteen  bits  following  the 
sync  shall  be  utilized  for  data  transmission  as 
specified  in  4.3.2. 

4.3.3.5.2.3  Parity.  The  last  bit  shall  be  utilized  for 
parity  as  specified  in  4.3.3.5.1.6. 

Dafa  words  are  used  to  transmit  parameter  data, 
which  is  the  goal  of  the  information  transfer 
system.  Data  words  are  distinguished  from 
command  and  status  words  by  the  inverted  three- 
bit  sync  pattern.  Both  packed  and  unpacked  data 
may  be  transmitted  in  the  16-bit  data  field.  Odd 
parity  on  the  data  field  provides  data  integrity 
identical  to  the  command  and  status  word 
formats.  No  changes  in  the  1553A  or  1553B  have 
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Single  Receiver  Only  —  Bus  Controller  to  Remote  Terminal* 
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Figure  11-3.  Transmit  Vector  Word  Transfer  Format 
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Figure  11-4.  1553  Data  Word 


occurred  in  these  paragraphs  except  for 
paragraph  numbering  (e.g,  4.2.3.5.2  for  1553A 
and  4.3.3.5.2  for  1553B). 

4.3.3.5.3.  Status  word.  A  status  word  shall  be 
comprised  of  a  sync  waveform,  RT  address, 
message  error  bit,  instrumentation  bit,  service 
request  bit,  three  reserved  bits,  broadcast 
command  received  bit,  busy  bit,  subsystem  flag 
bit,  dynamic  bus  control  bit,  terminal  flag  bit,  and 
a  parity  bit.  For  optional  broadcast  operation, 
transmission  of  the  status  word  shall  be 
suppressed  as  specified  in  4.3.3.6.7. 

4.3.3.5.3.1  Sync.  The  status  sync  waveform  shall 
be  as  specified  in  4.3.3.5.1.1. 

4.3.3.5.3.2  RT  address.  The  next  five  bits 
following  the  sync  shall  contain  the  address  of 
the  RT  which  is  transmitting  the  status  word  as 
defined  in  4.3.3.5.1.2. 

The  status  word  is  part  of  the  basic  overhead 
requirements  of  the  data  bus  system.  The  status 
word  is  shown  in  figure  11-5  is  divided  into  the 
following  fields: 

a.  Sync  (same  as  command  sync) 

b.  Terminal  address 

c.  Status  field 

d.  Parity  (P) 

The  five-bit  address  field  identifies  the  trans- 
mitting terminal's  address,  while  the  remote 
terminal's  status  is  based  on  bits  set  in  the  status 
field.  The  status  field  consists  of  the  following 
information: 

a.  Message  error  bit 

b.  Instrumentation  bit 

c.  Service  request  bit 

d.  Reserved  field 
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e.  Broadcast  command  received  bit 

f.  Busy  bit 

g.  Subsystem  flag 

h.  Dynamic  bus  control  acceptance  bit 

i.  Terminal  flag 

4.3.3.5.3.3  Message  error  bit.  The  status  word  bit 
at  bit  time  nine  (see  figure  3)  shall  be  utilized  to 
indicate  that  one  or  more  of  the  data  words 
associated  with  the  preceding  receive  command 
word  from  the  bus  controller  has  failed  to  pass 
the  RT's  validity  tests  as  specified  in  4.4.1 .1 .  This 
bit  shall  also  be  set  under  the  conditions 
specified  in  4.4.1.2,  4.4.3.4  and  4.4.3.6.  A  logic 
one  shall  indicate  the  presence  of  a  message 
error,  and  a  logic  zero  shall  show  its  absence.  All 
RT's  shall  implement  the  message  error  bit. 

The  message  error  bit  is  set  to  logic  one  to 
indicate  that  one  or  more  of  the  data  words 
associated  with  the  preceding  received  message 
has  failed  to  pass  the  message  validity  test.  The 
message  validity  requirements  are: 

a.  Word  validation  --  word  begins  with  valid  sync, 
Manchester  II  code  correctly  transmitted,  16 
data  bits  plus  parity,  and  word  parity  odd 

b.  Contiguous  words  within  a  message 

c.  Address  validation  -  matches  address  unique 
terminal  or  broadcast  address 

d.  Illegal  command  -  a  terminal  with  the  illegal 
command  detection  circuitry  detects  an  illegal 
command 

The  status  word  will  be  transmitted  if  the 
message  validity  requirements  are  met  (see  para. 
4.4.3.5  and  4.4.3.6).  When  a  message  error  occurs 
in  a  broadcast  message  format,  the  message 
error  bit  will  be  set  in  the  status  word  and  the 
status  response  withheld  as  required  by 
broadcast  message  format. 

4.3.3.5.3.4  Instrumentation  bit.  The  status  word 
bit  time  of  10  (see  figure  3)  shall  be  reserved  for 
the  instrumentation  bit  and  shall  always  be  a 
logic  zero.  This  bit  is  intended  to  be  used  in 
conjunction  with  a  logic  one  in  bit  time  10  of  the 
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Figure  5  of  1553B.  Data  Sync 


Figure  11-5.  Status  Word 

11-15 


ILC  DATA  DEVICE 

CORPORATION   

command  word  to  distinguish  between  a 
command  word  and  a  status  word.  The  use  of  the 
instrumentation  bit  is  optional. 

The  instrumentation  bit  in  the  status  field  is  set  to 
distinguish  the  status  word  from  the  command 
word.  Since  the  sync  field  (three  bits)  is  used  to 
distinguish  the  command  and  status  words  froma 
data  word,  a  mechanism  to  distinguish  command 
and  status  is  provided  by  the  instrumentation  bit. 
By  setting  this  bit  to  logic  zero  for  all  conditions 
and  setting  the  same  bit  position  in  the  command 
word  to  a  logic  one,  the  command  and  status 
words  are  identifiable.  If  used,  this  approach 
reduces  the  possible  subaddress  in  the  command 
word  to  15  and  requires  subaddress  31  (11111)  to 
be  used  to  identify  mode  commands  (both  3 1  and 
32  are  allowed).  If  not  used,  the  bit  will  remain  set 
to  logic  zero  in  the  status  word  for  all  conditions. 

4.3.3.5.3.5  Service  request  bit.  The  status  word  bit 
at  bit  time  eleven  (see  figure  3)  shall  be  reserved 
for  the  service  request  bit.  The  use  of  this  bit  is 
optional.  This  bit  when  used,  shall  indicate  the 

•  need  for  the  bus  controller  to  take  specific 
>JV  predefined  actions  relative  to  either  the  RT  or 
3f  associated  subsystem.   Multiple  subsystems, 
y    interfaced  to  a  single  RT,  which  individually 
require  a  service  request  signal  shall  logically  OR 
"  -     their  individual  signals  into  the  single  status  word 
.  i    bit.  In  the  even  this  logical  OR  is  performed,  then 
the  designer  must  make  provisions  in  a  separate 
data  word  to  identify  the  specific  requesting 
subsystem.  The  service  request  bit  is  intended  to 
be  used  only  to  trigger  data  transfer  operations 
-  y>    which  take  place  on  an  exception  rather  than 
periodic  basis.  A  logic  one  shall  indicate  the 
7   presence  of  a  service  request,  and  a  logic  zero  its 
&   absence.  If  this  function  is  not  implemented,  the 
bit  shall  be  set  to  zero. 

The  service  request  bit  is  provided  to  indicate  to 
the  active  bus  controller  that  a  remote  terminal 
requests  service.  When  this  bit  in  the  status  word 
is  set  to  logic  one,  the  active  bus  controller  may 
take  a  predetermined  action  or  use  mode 
command  (transmit  vector  word)  to  identify  the 
specific  request.  The  message  format  for 
acquiring  this  is  discussed  under  transmit  vector 
word  mode  command  (see  fig.  11-3). 

4.3.3.5.3.6  Reserved  status  bits.  The  status  word 
bits  at  bit  times  12  through  14  are  reserved  for 
future  use  and  shall  not  be  used.  These  bits  shall 
be  set  to  a  logic  zero. 

The  three  bit-field  (12-14)  is  reserved  for  future 
requirements  and  is  set  to  logic  zero.  Any  bit  in 
this  field  not  set  to  logic  zero  will  be  disregarded. 
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4.3.3.5.3.7  Broadcast  command  received  bit.  The 

status  word  at  bit  time  15  shall  be  set  to  a  logic 
one  to  indicate  that  the  preceding  valid  command 
word  was  a  broadcast  command  and  a  logic  zero 
shall  show  it  was  not  a  broadcast  command.  If  the 
broadcast  command  option  is  not  used,  this  bit 
shall  be  set  to  a  logic  zero. 

The  broadcast  command  received  bit  is  set  to 
logic  one  when  the  preceding  valid  command 
word  was  a  broadcast  command  (address  31). 
Since  broadcast  message  formats  require  the 
receiving  remote  terminals  to  suppress  their 
status  words,  the  broadcast  command  received 
bit  is  set  to  identify  that  the  command  was 
received  properly.  If  the  broadcast  message 
validity  is  desired,  the  message  format  shown  in 
figure  11-6  is  used  to  determine  this  information. 
The  broadcast  command  received  bit  will  be  reset 
when  the  next  valid  command  is  received  by  the 
remote  terminal,  unless  the  next  valid  command 
is  transmit  status  word  or  transmit  last  command. 

4.3.3.5.3.8  Busy  bit.  The  status  word  bit  at  bit  time 
16  (see  figure  3)  shall  be  reserved  forthe  busy  bit. 
The  use  of  this  bit  is  optional.  This  bit,  when  used, 
shall  indicate  that  the  RT  or  subsystem  is  unable 
to  move  data  to  or  from  the  subsystem  in 
compliance  with  the  bus  controller's  command.  A 
logic  one  shall  indicate  the  presence  of  a  busy 
condition,  and  a  logic  zero  its  absence.  In  the 
event  the  busy  bit  is  set  in  response  to  a  transmit 
command,  then  the  RT  shall  transmit  its  status 
word  only.  If  this  function  is  not  implemented,  the 
bit  shall  be  set  to  logic  zero. 

The  busy  bit  in  the  status  word  is  set  to  logic  one 
to  indicate  to  the  active  bus  controller  that  the 
remote  terminal  is  unable  to  move  data  to  or  from 
the  subsystem  in  compliance  with  the  bus 
controller's  command.  The  message  format 
associated  with  a  busy  condition  is  shown  in 
figure  11-7.  A  busy  condition  can  exist  within  a 
remote  terminal  at  any  time  causing  it  to  be 
nonresponsive  to  a  command  to  send  data  or  to 
be  unable  to  receive  data.  This  condition  can 
exist  for  all  message  formats.  In  each  case  except 
the  broadcast  message  formats,  the  active  bus 
controller  will  determine  the  busy  condition 
immediately  upon  status  response.  In  the  case  of 
the  broadcast  message  formats,  this  information 
will  not  be  known  unless  the  receiving  terminals 
are  polled  after  the  broadcast  message 
requesting  their  status.  If  the  status  word  has  the 
broadcast  received  bit  set,  the  message  was 
received  and  the  terminal  was  not  busy. 

4.3.3.5.3.9  Subsystem  flag  bit.  The  status  word  bit 
at  bit  time  17  (see  figure  3)  shall  be  reserved  for 
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the  subsystem  flag  bit.  The  use  of  this  bit  is 
optional.  This  bit,  when  used,  shall  flag  a 
subsystem  fault  condition,  and  alert  the  bus 
controller  to  potentially  invalid  data.  Multiple 
subsystems,  interfaced  to  a  single  RT,  which 
individually  require  a  subsystem  flag  bit  signal 
shall  logically  OR  their  individual  signals  into  the 
single  status  word  bit.  In  the  event  this  logical  OR 
is  performed,  then  the  designer  must  make 
provisions  in  a  separate  data  word  to  identify  the 
specific  reporting  subsystem.  A  logic  one  shall 
indicate  the  presence  of  the  flag,  and  a  logic  zero 
its  absence.  If  not  used,  this  bit  shall  be  set  to 
logic  zero. 

The  subsystem  flag  bit  is  provided  to  indicate  to 
the  active  bus  controller  that  a  subsystem  fault 
condition  exists  and  that  data  being  requested 
from  the  subsystem  may  be  invalid.  The 
subsystem  flag  may  be  set  in  any  transmitted 
status  word. 


4.3.3.5.3.10  Dynamic  bus  control  acceptance  bit 

The  status  word  bit  at  bit  time  18  (see  figure  3; 
shall  be  reserved  for  the  acceptance  of  dynamic 
bus  control.  This  bit  shall  be  used  if  the  RT 
implements  the  optional  dynamic  bus  control 
function.  This  bit,  when  used,  shall  indicate 
acceptance  or  rejection  of  a  dynamic  bus  control 
offer  as  specified  in  4.3.3.5.1 .7.1 .  A  logic  one  shall 
indicate  acceptance  of  control,  and  a  logic  zero 
shall  indicate  rejection  of  control.  If  this  function 
is  not  used,  this  bit  shall  be  set  to  logic  zero. 

This  bit  is  provided  to  indicate  the  acceptance  of 
the  bus  controller  offer  by  the  active  bus 
controller  to  become  the  next  bus  controller.  The 
offer  of  bus  control  occurs  when  the  presently 
active  bus  controller  has  completed  its 
established  message  list  and  issues  a  dynamic 
bus  control  mode  command  to  the  remote 
terminal  that  is  to  be  the  next  potential  controller. 
To  accept  the  offer  the  potential  bus  controller 
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Figure  11-7.  Busy  Bit 
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status  word  and  transmits  the  status  word.  The 
establishment  of  who  the  next  potential 
controller  will  be  is  a  system  issue. 

4.3.3.5.3.11  Terminal  flag  bit.  The  status  word  bit 
at  bit  time  19  (see  figure  3)  shall  be  reserved  for 
the  terminal  flag  function.  The  use  of  this  bit  is 
optional.  This  bit,  when  used,  shall  flag  a  RT fault 
condition.  A  logic  one  shall  indicate  the  presence 
of  the  flag,  and  a  logic  zero,  its  absence.  If  not 
used,  this  bit  shall  be  set  to  logic  zero. 

The  terminal  flag  bit  is  set  to  a  logic  one  to 
indicate  a  fault  within  the  remote  terminal.  This 
bit  is  used  in  connection  with  three  mode  code 
commands: 

a.  Inhibit  TIF  flag 

b.  Override  inhibit  TIF  flag 

c.  Transmit  BIT  word 

The  first  two  mode  code  commands  deactivate 
and  activate  the  functional  operation  of  the  bit. 
The  transmit  BIT  word  mode  code  command  is 
used  to  acquire  more  detailed  information  about 
the  terminal's  failure. 

4.3.3.5.3.12  Parity  bit.  The  least  significant  bit  in 
the  status  word  shall  be  utilized  for  parity  as 
specified  in  4.3.3.5.1.6. 


The  use  of  a  single  parity  bit  per  word  was 
provided  to  identify  any  bit  errors  occurring 
during  the  transmission  and  detection  of  a  word. 
This  odd  parity  check  will  detect  an  odd  number 
of  bit  errors  occurring  in  a  word.  This 
requirement  produces  an  undetected  bit  error 
rate  of  10'11,  which  was  considered  satisfactory 
for  a  general-purpose  information  transfer 
system.  This  paragraph  remained  unchanged 
during  both  revisions.  See  also  75536,  paragraph 
4.3.3.5.1.6. 

4.3.3.5.4.  Status  word  reset.  The  status  word  bit, 
with  the  exception  of  the  address,  shall  be  set  to 
logic  zero  after  a  valid  command  word  is  received 
by  the  RT  with  the  exception  as  specified  in 
4.3.3.5.1 .7.  If  the  conditions  which  caused  bits  in 
the  status  word  to  be  set  (e.g.,  terminal  flag) 
continue  after  the  bits  are  reset  to  logic  zero,  then 
the  affected  status  word  bit  shall  be  again  set,  and 
then  transmitted  on  the  bus  as  required. 

This  paragraph  was  added  to  1553B  to  clarify  the 
hardware  requirements  associated  with  resetting 
the  status  code  field  of  the  status  word.  Figure  II- 
5  shows  the  status  word  and  the  information 
available  in  this  field. 


a.  The  ability  to  obtain  the  latest  status 
information  of  the  remote  terminal:  this 
prevents  conditions  from  being  reported  for 
longer  than  they  actually  exist. 

b.  The  ability  to  obtain  the  status  code  analysis 
of  the  previous  results  of  a  valid  command: 
this  allows  an  orderly  error  handling  and 
recovery  approach  to  be  accomplished  by  the 
bus  controller  with  the  information  associated 
with  error  analysis  data  contained  within  this 
field  or  other  data  associated  within  the  RT 
(e.g.,  last  command  word  and  BIT). 

The  second  reason  for  obtaining  the  status  code 
field  not  reset  was  to  allow  error  recovery  using 
two  mode  codes  of  paragraph  4.3.3.5.1.7.  Even 
though  all  mode  codes  are  referenced  in  the 
status  word  reset  paragraph,  only  two  are 
required  to  retain  the  last  status  word  in  the 
terminal: 

a.  Transmit  status  word 

b.  Transmit  last  command  word 

In  other  words,  all  other  valid  messages  received, 
including  mode  commands,  will  allow  the  RT  to 
reset  the  status  word,  except  these  two. 

Both  of  these  mode  codes  can  be  transmitted  to 
the  RT  without  changing  the  bits  in  the  status 
code  field  of  the  last  valid  command  word  in 
question.  Therefore,  it  is  essential  that  an  error 
recovery  procedure  be  established  for  the  bus 
controller  that  takes  into  account  (1 )  the  ability  of 
the  RT  hardware  to  collect  error  data,  (2)  the 
format  of  the  data  that  must  be  requested  by  the 
bus  controller  to  prevent  data  lost,  and  (3)  the 
ability  of  the  bus  controller  hardware  and 
software  to  receive  and  react  to  these  data.  As 
many  as  three  mode  codes  may  be  involved  in 
this  process: 

a.  Transmit  last  command 

b.  Transmit  status  word 

c.  Transmit  BIT  word 

4.3.3.6  Message  formats.  The  messages 
transmitted  on  the  data  bus  shall  be  in 
accordance  with  the  formats  on  figure  6  and 
figure  7.  The  maximum  and  minimum  response 
times  shall  be  as  stated  in  4.3.3.7  and  4.3.3.8.  No 
message  formats,  other  than  those  defined 
herein,  shall  be  used  on  the  bus. 

The  1553B  section  of  the  standard  contains  two 
additional  message  format  description  that  are 
not  contained  in  revision  A.  One  of  these  is  an 
explanation  of  the  optional  mode  code  message 
format  that  is  allowed  in  revision  A  but  not 
described  with  message  format  diagrams.  The 
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Figure  6  of  1553B.  Information  Transfer  Formats 


ofAjer  description  is  the  message  formats 
associated  with  the  optional  broadcast  protocol. 
The  command/response  protocol  provides  two 
types  of  message  formats: 

a.  Data  messages 

b.  Control  messages 

4.3.3.6.1  Bus  controller  to  remote  terminal 
transfers.  The  bus  controller  shall  issue  a  receive 
command  followed  by  the  specified  number  of 
data  words.  The  RT  shall,  after  message 
validation,  transmit  a  status  word  back  to  the 
trailer.  The  command  and  data  words  shall  be 


transmitted  in  a  contiguous  fashion  with  no 
interword  gaps. 

4.3.3.6.2  Remote  terminal  to  bus  controller 
transfers.  The  bus  controller  shall  issue  a 
transmit  command  to  the  RT.  The  RT  shall,  after 
command  word  validation,  transmit  a  status  word 
back  to  the  bus  controller,  followed  by  the 
specified  number  of  data  words.  The  status  and 
data  words  shall  be  transmitted  in  a  contiguous 
fashion  with  no  interword  gaps. 

4.3.3.6.3  Remote  terminal  to  remote  terminal 
transfers.  The  bus  controller  shall  is: 
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Figure  7  of  1553B.  Broadcast  Information  Transfer  Formats 
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command  to  RT  A  followed  contiguously  by  a 
transmit  command  to  RT  B.  RT  B  shall,  after 
command  verification,  transmit  a  status  word 
followed  by  the  specified  number  of  data  words. 
The  status  and  data  words  shall  be  transmitted  in 
a  contiguous  fashion  with  no  gap.  At  the 
conclusion  of  the  data  transmission  by  RT  B,  RT 
A  shall  transmit  a  status  word  within  the  specified 
time  period. 

4.3.3.6.4.  Mode  command  without  data  word.  The 

bus  controller  shall  issue  a  transmit  command  to 
the  RT  using  a  mode  code  specified  in  table  I.  The 
RT  shall,  after  command  word  validation, 
transmit  a  status  word. 

4.3.3.6.5  Mode  command  with  data  word 
(transmit).  The  bus  controller  shall  issue  a 
transmit  command  to  the  RT  using  a  mode  code 
specified  in  table  I.  The  RT  shall,  after  command 
word  validation,  transmit  a  status  word  followed 
by  one  data  word.  The  status  word  and  data  word 
shall  be  transmitted  in  a  contiguous  fashion  with 
no  gap. 

4.3.3.6.6  Mode   command  with   data  word 

(receive).  The  bus  controller  shall  issue  a  receive 
command  to  the  RT  using  a  mode  code  specified 
in  table  I,  followed  by  one  data  word.  The 
command  word  and  data  word  shall  be 
transmitted  in  a  contiguous  fashion  with  no  gap. 
The  RT  shall,  after  command  and  data  word 
validation,  transmit  a  status  word  back  to  the 
controller. 

4.3.3.6.7  Optional  broadcast  command.  See  10.6 
for  additional  information  on  the  use  of  the 
broadcast  command. 

4.3.3.6.7.1  Bus  controller  to  remote  terminal(s) 
transfer  (broadcast).  The  bus  controller  shall 
issue  a  receive  command  word  with  11111  in  the 
RT  address  field  followed  by  the  specified 
number  of  data  words.  The  command  word  and 
data  words  shall  be  transmitted  in  a  contiguous 
fashion  with  no  gap.  The  RT(s)  with  the 
broadcast  option  shall  after  message  validation, 
set  the  broadcast  command  received  bit  in  the 
status  word  as  specified  in  4.3.3.5.3.7  and  shall 
not  transmit  the  status  word. 

4.3.3.6.7.2  Remote  terminal  to  remote  termlnal(s) 
transfers  (broadcast).  The  bus  controller  shall 
issue  a  receive  command  word  with  11111  in  the 
RT  address  field  followed  by  a  transmit  command 
to  RT  A  using  the  RT's  address.  RT  A  shall,  after 
command  word  validation,  transmit  a  status  word 
followed  by  the  specified  number  of  data  words. 
The  status  and  data  words  shall  be  transmitted  in 
a  contiguous  fashion  with  no  gap.  The  RT(s)  with 
the  broadcast  option,  excluding  RT  A,  shall  after 
message  validation,  set  the  broadcast  received 
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bit  in  the  status  word  as  specified  in  4.3.3.5.3.7 
and  shall  not  transmit  the  status  word. 

4.3.3.6.7.3  Mode  command  without  data  word 
(broadcast).  The  bus  controller  shall  issue  a 
transmit  command  word  with  11111  in  the  RT 
address  field,  and  a  mode  code  specified  in  table 
I.  The  RT(s)  with  the  broadcast  option  shall  after 
command  word  validation,  set  the  broadcast 
received  bit  in  the  status  word  as  specified  in 
4.3.3.5.3.7  and  shall  not  transmit  the  status  word. 

4.3.3.6.7.4  Mode  command  with  data  word 
(broadcast).  The  bus  controller  shall  issue  a 
receive  command  word  with  11111  in  the  RT 
address  field  and  a  mode  code  specified  in  table  I, 
followed  by  one  data  word.  The  command  word 
and  data  word  shall  be  transmitted  in  a 
contiguous  fashion  with  no  gap.  The  RT(s)  with 
the  broadcast  option  shali,  after  message 
validation,  set  the  broadcast  received  bit  in  the 
status  word  as  specified  in  4.3.3.5.3.7  and  shall 
not  transmit  the  status  word. 

Dafa  messages  are  used  to  communicate 
subsystem  data  to  meet  the  purpose  of  the 
integration.  As  in  the  control  messages,  there  are 
two  message  types:  single  receiver  and  multiple 
receiver  messages.  These  are  transmitted  in  the 
following  manner: 

Single  receiver 

a.  Bus  controller  to  remote  terminal 

b.  Remote  terminal  to  bus  controller 

c.  Remote  terminal  to  remote  terminal 

Multiple  receivers 

a.  Bus  controller  to  multiple  remote  terminals 

b.  Remote  terminal  to  multiple  remote  terminals 

Each  of  these  messages  is  transmitted  using 
command  and  status  words  for  control  operation. 
The  command  word  is  used  to  — 

a.  Identify  the  receiving  terminal(s) 

b.  Identify  if  data  are  to  be  received  or 
transmitted  by  the  receiving  terminal(s) 

c.  Identify  the  specific  message  identification 
(subaddress)  within  the  remote  terminal(s) 

d.  Notify  the  terminal(s)  of  the  number  of  data 
words  to  be  received  or  transmitted 

The  command  word,  status  word  and  data  word 
format  for  accomplishing  these  messages  are 
described  in  paragraphs  4.3.3.5.1,  4.3.3.5.2,  and 
4.3.3.5.3..  Using  these  words,  the  format  for  data 
message  transmissions  is  developed.  The  single 
receiver  data  message  formats  are  shown  in 
figure  11-8.  The  message  formats  associated  with 
multiple  receiving  terminals  are  shown  in  figure 
11-9. 
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□  End  of  message  delay  or  gap 


Source:  receiver  A 


Figure  11-8.  Single-Receiver  Data  i 
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Figure  11-9.  Multiple-Receiver  Data  Message  Formats 
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data  flow.  The  overhead  requirements  are 
provided  by  command  words  and  status  words. 
These  header  words  to  each  data  transmission 
are  required  to  maintain  system  data  flow  within 
the  multiplex  system.  Command  and  status 
words  are  associated  with  both  control  messages 
and  data  messages.  Message  formats  within  this 
protocol  can  be  transmitted  to  a  single  receiver  or 
to  multiple  receivers  based  upon  the  command 
word  address  for  the  message. 

Mode  commands  are  identified  by  the 
subaddress/mode  field  in  the  command  word 
being  set  to  32  (00000)  or  31  (11111 ).  All  control 
messages  originate  with  the  bus  controller  and 
are  received  by  a  single  receiver  or  by  multiple 
receivers  (broadcast).  A  terminal  address  value 
of  31  (11111)  in  the  command  word  indicates  a 
broadcast  message,  and  any  other  terminal 
address  is  used  to  identify  unique  mode 
commands  to  terminals  on  the  bus.  The  mode 
command  information  is  in  the  word  count/mode 
code  field  of  the  command  word  and  in  the 
attached  data  word  if  allowed  by  the  mode 
command. 

The  various  legal  mode  commands  without  and 
with  data  word  are  illustrated  in  figure  11-10. 

4.3.3.7  Intermessage  gap.  The  bus  controller 
shall  provide  a  minimum  gap  time  of  4.0  micro- 
seconds (us)  between  messages  as  shown  on 
figure  6  and  figure  7.  This  time  period,  shown  asT 
on  figure  8,  is  measured  at  point  A  of  the  bus 
controller  as  shown  on  figure  9  or  figure  10.  The 
time  is  measured  from  the  mid-bit  zero  crossing 
of  the  last  bit  of  the  preceding  message  to  mid- 
zero  crossing  of  the  next  command  word  sync. 

This  paragraph  in  the  1553B  expands  the 
requirements  of  the  response  time  (par.  4.3.1  in 
1553 A),  by  adding  this  intermessage  gap 
paragraph.  The  purpose  was  to  clearly  identify 
that  the  bus  controller  shall  not  transmit 
contiguous  messages  (must  have  a  gap)  and  that 
the  maximum  response  time  (12  us  par.  4.3.3.8) 
does  not  apply  to  gaps  between  messages.  The 
bus  controller  may  issue  messages  with  a  gap 
time  greater  than  4  us. 

4.3.3.8  Response  time.  The  RT  shall  respond,  in 
accordance  with  4.3.3.6,  to  a  valid  command 
word  within  the  time  period  of  4.0  to  12.0  us.  This 
time  period,  shown  as  T  on  figure  8,  is  measured 
at  point  A  of  the  RT  as  shown  on  figure  9  or  figure 
10.  The  time  is  measured  from  the  mid-bit  zero 
crossing  of  the  last  word  as  specified  in  4.3.3.6 
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Figure  11-10.  Mode  Command  Transfer  Formats 


and  as  shown  on  figure  6  and  figure  7  to  the  mid- 
zero  crossing  of  the  status  word  sync. 


This  paragraph  in  1553B  relates  to  paragraph 
4.3.1  in  1553A  with  the  following  changes: 

a.  The  maximum  response  time  was  increased 
by  1 00%  (5  to  1 0  us  or  7  to  12  us  when  using  the 
measurement  techniques  described  below). 

b.  The  point  of  measurement  to  establish  the 
time  was  identified  and  was  chosen  to  be  a 
different  point  than  was  usually  interpreted  to 
be  in  1553 A.  The  4  to  12  us  response  time  will 
allow  more  hardware  design  flexibility  in  the 
multiplex  interface  area.  Also,  the 
measurement  technique  was  undefined  in 
1553A  and  because  it  is  hard  to  determine 
when  the  multiplex  line  is  quiet  (dead),  the 
measurement  is  easier  to  make  if  the  previous 
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COMMAND/' STATUS  SYNC 


Figure  8  of  1553B.  Intermessage  Gap  and 
Response  Time 

mid-bit  (zero)  crossing  and  next  mid-bit 
crossing  are  examined. 

4.3.3.9  Minimum  no-response  time-out.  The 

minimum  time  that  a  terminal  shall  wait  before 
considering  that  a  response  as  specified  in  4.3.3.8 
has  not  occurred  shall  be  14.0  us.  The  time  is 
measured  from  the  mid-bit  zero  crossing  of  the 
last  bit  of  the  last  word  to  the  mid-zero  crossing  of 
the  expected  status  word  sync  at  Point  A  of  the 
terminal  as  shown  on  figure  9  or  figure  10. 

This  new  requirement  of  1553B  is  provided  to 
clarify  the  minimum  time  that  a  bus  controller 
shall  wait  before  concluding  that  the  RT  is  not 
going  to  respond  as  requested.  This  is  measured 
from  the  end  of  its  transmission  (last  mid-bit 
crossing)  to  the  expected  response  (first  mid-bit 
crossing).  Notice  that  this  represents  the 
minimum  wait  time  on  the  same  bus  where  the 
previous  message  was  requested  from  the  RT. 

4.4   TERMINAL  OPERATION 

This  paragraph  in  1553B  was  provided  to  clarify 
the  various  terminals  identified  in  the  standard 
and  their  performance  requirements.  The  first 
section  covers  common  operational 
requirements  that  apply  to  all  devices  connected 
to  the  data  bus  system.  Specific  requirements 
include  bus  controller  (par.  4.4.2),  remote 
terminal  (par.  4.4.3),  and  bus  monitor  (par.  4.4.4). 

4.4.1  Common  operation.  Terminals  shall  have 
common  operating  capabilities  as  specified  in 
the  following  paragraphs. 

4.4.1.1  Word  validation.  The  terminal  shall  insure 
that  each  word  conforms  to  the 
minimum  criteria: 

a.  The  word  begins  with  a  valid  sync  field. 

b.  The  bits  are  a  valid  Manchester  II  code. 

c.  The  word  parity  is  odd. 


When  a  word  fails  to  conform  to  the  preceding 
criteria,  the  word  shall  be  considered  invalid. 

4.4.1.2  Transmission  continuity.  The  terminal 
shall  verify  that  the  message  is  contiguous  as 
defined  in  4.3.3.6.  Improperly  timed  data  syncs 
shall  be  considered  a  message  error. 

4.4.1.3  Terminal  fail-safe.  The  terminal  shall 
contain  a  hardware  implemented  time-out  to 
preclude  a  signal  transmission  of  greater  than 
800.0  us.  This  hardware  shall  not  preclude  a 
correct  transmission  in  response  to  a  command. 
Reset  of  this  time-out  function  shall  be  performed 
by  the  reception  of  a  valid  command  on  the  bus 
on  which  the  time-out  has  occurred. 

This  paragraph  describes  the  common  operation 
associated  with  terminals  connected  to  the  data 
bus  system.  The  performance  requirements 
include:  word  validation,  transmission 
continuity,  and  terminal  fail-safe. 

The  word  validation  paragraph  has  been 
modified  to  explain  more  fully  the  detection  and 
response  required.  These  requirements  are 
contained  in  1553B  paragraphs  (word  validation, 
4.4.1.1),  (transmission  continuity,  4.4.1.2),  and 
(invalid  data  reception,  4.4.3.6).  The  new  and 
modified  paragraphs  should  provide  sufficient 
information  concerning  invalid  words  or  invalid 
messages. 

The  terminal  fail-safe  requirement  prevents 
excessive  transmissions  on  a  data  busby  a  single 
transmitter,  which  would  preclude  its  effective 
use.  Changes  in  1553B  to  800  us  (par  4.4.1  A) 
instead  of  660  us  (par.  4.3.2)  will  allow  less 
accurate  analog  or  relaxed  digital  timers  with 
more  independence  of  the  timer  circuits  to  be 
used  in  the  current  design.  In  addition,  there  were 
several  mechanisms  to  reset  this  fail-safe  timer 
described  in  75536.  These  include  the  following: 

a.  Reset  of  this  timeout  function  shall  be 
performed  by  the  reception  of  a  valid 
command  on  the  bus  on  which  the  timeout  has 
occurred  (par.  4.4.1.3). 

b.  The  mode  command  override  transmitter 
shutdown  (00101  for  two-bus  system  or  10101 
for  multiple-bus  system)  on  an  alternative  bus 
can  also  be  used  to  reset  the  timer. 

c.  The  mode  command  reset  remote  terminal 
(01000)  causes  the  remote  terminal  to  assume 
a  power-up  initialized  state  that  can  also  be 
used  to  reset  the  timer. 

Both  b  and  c  are  optional  ways  to  reset  the  timer 
and  may  depend  on  the  system  and  hardware 
implementations.  However,  the  preferred  reset 
approach  is  to  transmit  the  appropriate  mode 
code. 
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Figure  9  of  1553B.  Data  Bus  Interface  Using  Transformer  Coupling 
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Figure  10  of  1553B.  Data  Bus  Interface  Using  Direct  Coupling 


II-25 


operating  as  a  bus  controller  shall  be  responsible 
for  sending  data  bus  commands,  participating  in 
data  transfers,  receiving  status  responses,  and 
monitoring  system  status  as  defined  in  this 
standard.  The  bus  controller  function  may  be 
embodied  as  either  a  stand-alone  terminal, 
whose  sole  function  is  to  control  the  data  bus(s), 
or  contained  within  a  subsystem.  Only  one 
terminal  shall  be  in  active  control  of  a  data  bus  at 
any  one  time. 

This  paragraph  is  generally  the  same  paragraph 
in  both  1553A  (4.5)  and  1553B. 

4.4.3  Remote  Terminal 

4.4.3.1  Operation.  A  remote  terminal  (RT)  shall 
operated  in  response  to  valid  commands 
received  from  the  bus  controller.  The  RT  shall 
accept  a  command  word  as  valid  when  the 
command  word  meets  the  criteria  of  4.4.1.1,  and 
the  command  word  contains  a  terminal  address 
which  matches  the  RT  address  or  an  address  of 
11111,  if  the  RT  has  the  broadcast  option. 

The  remote  terminal  operation  has  been 
expanded  in  1553B  to  include  the  broadcast 
option  and  additional  definitions  associated  with: 
superseding  valid  commands  (par.  4.4.3.2), 
invalid  commands  (par.  4.4.3.3),  illegal 
commands  (par.  4.4.3.4),  valid  data  reception 
(par.  4.4.3.6),  and  invalid  data  reception  (par. 
4.4.3.6). 

4.4.3.2  Superseding  valid  commands.  The  RT 

shall  be  capable  of  receiving  a  command  word  on 
the  data  bus  after  the  minimum  intermessage  gap 
time  as  specified  in  4.3.3.7  has  been  exceeded, 
when  the  RT  is  not  in  the  time  period  T  as 
specified  in  4.3.3.8  prior  to  the  transmission  of  a 
status  word,  and  when  it  is  not  transmitting  on 
that  data  bus.  A  second  valid  command  word  sent 
to  an  RT  shall  take  precedence  over  the  previous 
command.  The  RT  shall  respond  to  the  second 
valid  command  as  specified  in  4.3.3.8. 

The  superseding  valid  command  requirement 
clarifies  the  gap  time  issue  in  1553A  (par.  4.3).  "A 
second  valid  command  word  sent  to  a  terminal 
after  it  is  already  operating  on  one  shall  invalidate 
the  first  command  and  cause  the  RT  to  begin 
operation  on  the  second  command. "  This  phrase 
in  1553A  can  be  misinterpreted  to  indicate  that 
near  back-to-back  (no  gap  or  only  4  us  gap) 
commands  can  be  sent  to  a  terminal  on. the  same 
bus  and  the  terminal  will  respond  to  the  second 
command. 

However,  this  was  not  the  intention  because  in 


word  slightly  greater  than  4  us  would  collide  with 
the  second  command  being  transmitted  by  the 
bus  controller.  The  intended  purpose  for  this 
requirement  is  to  allow  the  bus  controller  to 
reissue  an  identical  transmission  or  issue  a  new 
transmission  on  the  same  bus  to  the  same  RT, 
when  an  RT  fails  to  respond  to  a  command  on 
that  bus.  This  method  is  described  in  the  1553B 
by  requiring  a  minimum  time  T  (greater  than  a 
gap  time  but  less  than  a  full  32-word  message)  to 
occur  prior  to  transmitting  the  second  command. 
Therefore,  the  bus  controller  is  assured  that  the 
RTis  not  responding  and  a  new  command  on  the 
same  bus  is  appropriate.  Figure  8  in  1553B 
demonstrates  this  intermessage  gap  problem 
and  solution. 

4.4.3.3  Invalid  commands.  A  remote  terminal 
shall  not  respond  to  a  command  word  which  fails 
to  meet  the  criteria  specified  in  4.4.3.1. 

Command  words  that  fail  to  meet  the  word 
validation  requirement  cause  the  system  to 
continue  to  "look"  for  a  valid  command  word. 
When  this  condition  occurs,  no  change  occurs  to 
the  status  word  and  no  response  is  transmitted  by 
the  RT.  This  operation  is  identified  as  invalid 
command.  This  paragraph  is  used  to  cover  failure 
in  the  decoding  process  of  the  command  word. 
To  prevent  multiple  responses  by  two  or  more 
terminals  to  a  command  word  (one  without  a 
failure  and  one  with)  the  terminal  that  cannot 
absolutely  validate  a  command  word  must  take 
the  safe  approach  and  reset  the  circuitry  and 
continue  to  look  for  a  valid  command  word  that 
meets  it  particular  requirements  (address).  All 
RT's  should  use  this  approach  of  not  responding, 
when  there  is  a  question  about  the  commands. 
This  approach  is  considered  to  be  a  fail-passive 
approach  providing  the  least  impact  on  the 
multiplex  system. 

4.4.3.4  Illegal  command.  An  illegal  command  is  a 
valid  command  as  specified  in  4.4.3.1,  where  the 
bits  in  the  subaddress/mode  field,  data  word 
count/mode  code  field,  and  the  T/R  bit  indicate  a 
mode  command,  subaddress,  or  word  count  that 
has  not  been  implemented  in  the  RT.  It  is  the 
responsibility  of  the  bus  controller  to  assure  that 
no  illegal  commands  are  sent  out.  The  RT 
designer  has  the  option  of  monitoring  for  illegal 
commands.  If  an  RT  that  is  designed  with  this 
option  detects  an  illegal  command  and  the 
proper  number  of  contiguous  valid  data  words  as 
specified  by  the  illegal  command  word,  it  shall 
respond  with  a  status  word  only,  setting  the 
message  error  bit,  and  not  use  the  information 
received. 
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Illegal  commands  are  command  words  that  have 
passed  the  word  validation  test  but  do  not  comply 
with  the  system's  capability.  These  include 
command  words  where  the  subaddress-mode 
field,  data  word/mode  code  field,  or  the  T/R  bit 
are  set  so  that  they  represent  conditions  not 
allowed  in  the  system.  These  include  both 
conditions  not  allowed  by  the  standard  and  any 
additional  condition  not  allowed  in  a  particular 
system  design.  The  responsibility  for  not 
allowing  illegal  commands  to  be  transmitted  is 
given  to  the  bus  controllers.  Since  the  bus 
controller  is  responsible  for  all  command/ 
response  message  communications,  it  will  be  a 
design  goal  that  the  bus  controller  not  transmit 
an  invalid  command. 

Two  methods  can  be  provided  to  meet  this 
requirement:  (1)  careful  generation  of  bus 
controller  commands  in  the  development  of  the 
system  and  tight  control  of  the  change  process 
during  operational  use  and  (2)  examination  of 
failure  modes  of  the  controller  hardware  and 
software  to  determine  potentially  illegal 
command  generations  and  transmissions.  An 
additional  method  of  rejecting  illegal  commands 
in  the  multiplex  system  can  only  be  provided  by 
circuitry  within  the  receiving  remote  terminal. 
This  approach  is  an  optional  capability  for 
remote  terminals  built  to  the  1553B  standard.  If 
an  RT  with  this  capability  detects  an  illegal 
command  that  meets  all  other  validation 
requirements,  the  RT  shall  respond  with  a  status 
word  with  only  the  message  error  bit  set  and  not 
use  the  information  sent  or  disregard  the  request 
for  information. 

4.4.3.5  Valid  data  reception.  The  remote  terminal 
shall  respond  with  a  status  word  when  a  valid 
command  word  and  the  proper  number  of 
contiguous  valid  data  words  are  received,  or  a 
single  valid  word  associated  with  a  mode  code 
is  received.  Each  data  word  shall  meet  the  criteria 
specified  in  4.4.1.1. 

The  purpose  of  the  valid  data  reception  in  1553B 
was  to  clearly  state  when  a  message  containing  at 
least  one  data  word  would  be  responded  to  by  the 
appropriate  RT.  Previous  systems  have  taken 
different  approaches  to  messages  with  various 
failures  (e.g.,  under  word  count,  over  word  count, 
parity  errors  in  words,  gaps  in  word 
transmissions).  Therefore,  this  requirement  was 
established  to  identify  the  only  time  status  words 
would  be  transmitted  by  the  RT  after  the 
reception  of  a  data  message  with  at  least  one  data 
word.  It  should  be  noted  that  one  other  message 
format  will  produce  a  status  word  response: 
mode  code  without  data  word  transmitted  to  a 
specific  RT  (not  broadcast). 
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4.4.3.6  Invalid  data  reception.  Any  data  word(s) 
associated  with  a  valid  receive  command  that 
does  not  meet  the  criteria  specified  in  4.4.1 .1  and 
4.4.1.2  or  an  error  in  the  data  word  count  shall 
cause  the  remote  terminal  to  set  the  message 
error  bit  in  the  status  word  to  a  logic  one  and 
suppress  the  transmission  of  the  status  word.  If  a 
message  error  has  occurred,  then  the  entire 
message  shall  be  considered  invalid. 

In  contrast  to  the  valid  data  reception  status 
response,  certain  action  is  required  when  an 
invalid  data  reception  occurs.  This  paragraph  in 
75536  is  an  expanded  version  of  the  two  1553 A 
paragraphs  4.2.5.4.4  and  4.2.3.5.3.3.  This  again 
assumes  message  formats  with  associated  data 
word(s),  thus  mode  code  commands  without  a 
data  word  are  rightly  excluded  from  this  group; 
however,  in  contrast  to  valid  data  reception 
where  broadcast  message  protocol  were 
excluded,  here  they  are  included.  Therefore,  all 
message  formats  containing  a  least  one  data 
word  (e.g.,  broadcast  data  messages, 
nonbroadcast  data  messages,  broadcast  mode 
codes  with  a  data  word,  and  mode  codes  with  a 
data  word)  are  included  in  this  requirement.  As 
stated  in  the  requirement,  the  message  command 
word  has  been  validated  and  the  error  occurs  in 
the  data  word  portion  of  the  message.  The 
withholding  or  suppression  of  the  status 
response  alerts  the  bus  controller  error  detection 
electronics  to  the  fact  that  an  incomplete 
message  has  occurred  and  some  level  of  error 
recovery  must  occur.  The  setting  of  the  message 
error  bit  in  the  status  that  remains  in  the  RT  will 
provide  additional  information  to  the  error 
recovery  circuitry  only  if  the  bus  controllers 
request  the  status  word  using  the  appropriate 
mode  code. 

Also  notice  that  the  requirement  is  that  the  entire 
received  message  be  considered  invalid.  This 
message  invalidation  requirement  may  cause 
some  systems  like  electrical  multiplex  (EMUX)  a 
problem.  Since  the  EMUX  system  usually  have 
bit-oriented  data  rather  than  word  or  multiple 
words  (message)  oriented  data,  errors  in  a  word 
following  the  reception  of  good  data  will 
invalidate  good  data.  It  has  been  proposed  that 
such  a  system  invalidate  all  data  words  from  the 
failure  to  the  end  of  the  message  and  use 
previously  good  data  words.  This  approach, 
however,  has  not  been  allowed.  Regardless  of  the 
approach,  some  system  mechanisms  will  store 
the  data  and  then  tag  the  message  as  being 
invalid;  others  will  not  allow  the  user  to  receive 
the  data.  In  the  first  case,  it  is  the  responsibility  of 
the  user  to  examine  the  message  valid  indication 
prior  to  using  the  data;  however,  in  the  second 


II-27 


ILC  DATA  DEVICE 

CORPORATION   

case,  the  user  must  recognize  that  the  data  has 
not  been  updated. 

4.4.4  Bus  monitor  operation.  A  terminal  operating 
as  a  bus  monitor  shall  receive  bus  traffic  and 
extract  selected  information.  While  operating  as 
a  bus  monitor,  the  terminal  shall  not  respond  to 
any  message  except  one  containing  its  own 
unique  address  if  one  is  assigned.  All  information 
obtained  while  acting  as  a  bus  monitor  shall  be 
strictly  used  for  off-line  applications  (e.g.,  flight 
test  recording,  maintenance  recording  or 
mission  analysis)  or  to  provide  the  back-up  bus 
controller  sufficient  information  to  take  over  as 
the  bus  controller. 

A  terminal  may  operate  in  the  bus  monitor  mode 
for  two  reasons:  (1)  information  recording  for 
offline  analysis  and  (2)  information  source  for 
backup  bus  controller.  The  unique  feature  of  this 
mode  is  that  it  has  the  ability  to  decode  and 
accept  for  data  storage  any  or  all  messages 
transmitted  on  the  data  bus  without  the 
knowledge  of  or  without  affecting  the  operation 
of  multiplex  system  or  the  terminal(s)  attached  to 
the  bus.  It  also  has  the  option  of  not  being 
addressable  as  a  terminal  attached  to  the  bus.  If 
this  is  the  case,  it  acts  in  the  "listen  capability 
only"  to  the  system.  In  this  implementation,  data 
cannot  be  sent  to  it  specifically,  but  the  monitor 
may  collect  data  by  recording  message  traffic. 
However,  the  same  terminal  may  operate  in  the 
remote  terminal  and  potential  bus  controller 
(backup  bus  controller)  mode  as  well  as  having 
the  additional  capability  to  monitor  and  store  all 
message  traffic  or  an  internally  derived  subset  of 
all  messages.  It  is  because  of  this  second 
capability,  its  nonpassive  nature,  that  a  terminal 
with  the  monitor  mode  is  an  extremely  powerful 
device  in  the  multiplex  system. 

4.5  Hardware  Characteristics 

The  following  discussion  will  provide  a  summary 
and  comparison  of  MIL-STD-1553A/B 
requirements  that  have  significant  effect  on  the 
hardware  characteristics  (1553,  par.  4.5).  A 
detailed  comparison  of  these  subparagraphs  in 
1553A  and  1553B  is  provided  in  tables  11-2  and 
11-3. 

The  hardware  characteristic  section  of  1553B 
examines  data  bus  characteristics  (par.  4.5.1) 
and  terminal  characteristics  (par.  4.5.2).  This 
section  is  similar  to  the  terminal  operation 
paragraphs  (4.3)  and  the  transmission  line  (4.2.4) 
of  1553A.  Paragraph  4.4  in  1553A  (Terminal  to 
Subsystem  Interface)  has  been  deleted  from 
1553B  completely.  This  deletion  was  consistent 
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with  the  emphasis  on  a  data  bus  protocol 
standard  and  an  electrical  multiplex  interface 
requirement  treating  the  terminals  interfacing  to 
the  multiplex  bus  as  black  box  interfaces  and  not 
defining  any  internal  interfaces. 

4.5.1  Data  Bus  Characteristics 

4.5.1.1  Cable.  The  cable  used  for  the  main  bus 
and  all  stubs  shall  be  a  two  conductor,  twisted, 
shielded,  jacketed  cable.  The  wire-to-wire 
distributed  capacitance  shall  not  exceed  30.0 
picofarads  per  foot.  The  cables  shall  be  formed 
with  not  less  than  four  twists  per  foot  where  a 
twist  is  defined  as  a  360  degree  rotation  of  the 
wire  pairs;  and,  the  cable  shield  shall  provide  a 
minimum  of  75.0  percent  coverage. 

4.5.1.2  Characteristic  impedance.  The  nominal 
characteristic  impedance  of  the  cable  (Zo)  shall 
be  within  the  range  of  70.0  Ohms  to  85.0  Ohms  at 
a  sinusoidal  frequency  of  1.0  megahertz  (MHz). 

4.5.1.3  Cable  attenuation.  At  the  frequency  of 
4.5.1.2,  the  cable  power  loss  shall  not  exceed  1.5 
decibels  (dB)/100feet  (ft). 

7ab/e  11-4  contains  a  summary  listing  of  the  data 
bus  and  coupling  requirements  contained  in 
1553A  and  75536.  The  characteristics  of  the 
twisted  shielded  pair  cable  have  been  relaxed  to 
allow  selection  of  cable  types  from  a  variety  of 
manufacturers.  It  has  been  shown  than  minor 
variations  from  the  specified  cable 
characteristics  do  not  significantly  affect  the 
system  performance. 

A  great  deal  of  concern  and  confusion  has 
resulted  because  of  the  cable  network 
requirements,  including  bus  length,  coupling, 
and  stubbing.  1553  and  1553A  did  not  provide 
adequate  guidelines  for  bus  network  design, 
especially  for  the  transformer  coupled  stub. 
1553A  defined  a  maximum  cable  length  of  300  ft 
for  the  main  bus  while  1553B  chose  not  to  specify 
a  maximum  main  bus  length  since  it  is  reasoned 
that  the  cable  length,  number  of  terminals,  and 
length  of  stubs  are  all  subject  to  trade-off  and 
must  be  considered  in  the  design  for  reliable 
system  operation.  In  other  words,  an  arbitrary 
limit  of  300  ft  should  not  be  applied  since  all 
parameters  of  the  network  must  be  considered. 

4.5.1.4  Cable  termination.  The  two  ends  of  the 
cable  shall  be  terminated  with  a  resistance,  equal 
to  the  selected  cable  nominal  characteristic 
impedance  (Zo)  ±  2.0  percent. 

4.5.1.5  Cable  stub  requirements.  The  cable  shall 
be  coupled  to  the  terminal  as  shown  on  figure  9  or 
figure  10.  The  use  of  long  stubs  is  discouraged, 
and  the  length  of  a  stub  should  be  minimized. 
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on 


h2 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

1.  Twisted,  shielded,  jacketed 

Yes 

Yes 

4.2.4.1 

4.5.1.1 

2.  Minimum  cable  shield  coverage 

80% 

75% 

A  9  A  1 

A  JS :  1'  1 

4.O.  l .  1 

3.  Minimum  cable  twist 

1  twist/in  (12  twists/ft) 

4  twists/ft 

4.2.4.1 

4.5.1.1 

4.  Wire-to-wire  distributed  capacitance 

30  pF/ft 

30  pF/ft 

(maximum) 

4.2.4.1 

4.5.1.1 

5.  Characteristic  impedance  of  cable 

Nominal 

70  ±10%  at  1  MHz 

70  to  85  at  1  MHz 

4.2.4.2 

4.5.1.2 

ft    r^aKlo  attoniiatinn 

1  HR/inn  ft  at  1  MH7 
I  UD/  I  w  II  dl    I  (Villi. 

i.d  atj/iuu  it  ai  i  ivinz 

4.2.4.3 

4.5.1.3 

7.  Cable  length 

300  ft  maximum 

Unspecified 

4.2.4.4 

8.  Cable  termination  using  a  resistance 

Characteristic 

Nominal 

at  both  ends 

impedance 

characteristic 

4.2.4.6 

impedance  +  2% 

9.  Cable  stubbing 

Transformer  coupling  for  stubs  longer  than 

4.5.1.4 

1  ft  but  less  than  20  ft;  direct  coupling  if  stub 

Transformer  coupling  or  direct  coupling 

is  less  than  1  ft;  maximum  stub  length  of  20  ft 

allowed;  maximum  stub  length  suggested 

4.2.4.5 

20  ft 

Figure  11-14 

4.5.1.5.1  or  4.5.1.5.2 

10.  Cable  coupling  (connector) 

Compatible  with  Amphenol  type  31-235  or 

Figures  9  or  10  or  1553B 

Trompeter  type  TEI-14949-E137  receptacles 

Unspecified 

and  Amphenol  type  31-224  or  Trompeter  type 

TEI-14949-PL36  plugs 

4.2.4.6 

o 
m 


Table  11-2.  Comparison  of  Data  Bus  Characteristics  (Continued) 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

11.  Cable  coupling  shielded  box 

Shielded  coupler  box 
4.2.4.6 

75%  coverage,  minimum 
4.5.1.5.1.3  and  4.5.1.5.2.2 

12.  Coupling  transformer  turns  ratio 

Unspecified 

1:1.4  +  3%  higher  turns  on  isolation 

resistor  side  of  stub 

4.5.1.5.1.1 

13.  Transformer  open  circuit  impedance 

Unspecified 

3,000  ohms  over  frequency  of  75  kHz 
-1  MHz  with  1V  RMS  sine  wave 
4.5.1.5.1.1.1 

14.  Transformer  waveform  integrity 

Unspecified 

Droop  not  to  exceed  20%  overshoot  and 
ringing  less  than  +  1V  peak  undertest 
of  figure  11  of  1553B 
4.5.1.5.1.1.2 

15.  Transformer  common  mode  rejection 

Unspecified 

45  dB  at  1MHz 

4.5.1.5.1.1.3 

16.  Fault  isolation  — 

Isolation  resistor  in  series  with 
data  bus  cable  (coupler) 

Direct  coupled  case  with  the 
isolation  resistor  in  the  FIT 

R  =  0.75Zo*  +  5% 

4.2.5.2 

Figure  11-14 

R  =  0.75  Z0*  ±  2% 
4.5.1.5.1.2 

R  =  55  ohms  ±  2% 

4.5.1.5.2.1 

Figure  10  of  1553B 

17.  Impedance  across  the  data  bus  for  any 
failure  of  coupling  transformer,  cable 
stub,  or  terminal  receiver  and 
transmitter  transformer  coupling 

No  less  than  1.5  Zo* 
4.2.5.2 

No  less  than  1.5  Z0" 
4.5.1.5.1.2 

Direct  coupling 

No  less  than  110  ohms 
4.5.1.5.2.3 

18.  Stub  voltage  requirements  and  input 
level  transformer  coupling 

"Range  of  the  0.5V  to  10V  peak; 
1.0V  to  20V  p-p,  l-l 
4.2.5.4.1 
Figure  11-14 

"Range  of  1.0V  to  14.0V  p-p",  l-l  with 
one  fault  as  stated  in  17  above 
4.5.1.5.1.4 
Figure  9  of  1553B 

*Zo  =  cable  normal  characteristic  impedance 


"Assumes  one  fault  of  a  coupling  transformer,  cable  stub,  or  terminal  receiver  or  transmitter 


Table  11-2.  Comparison  of  Data  Bus  Characteristics  (Concluded) 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

Direct  coupling 

19.  Wiring  and  cabling  for  electromagnetic 
capability 

"Range  of  the  0.5V  to  10V  peak; 
1.0V  to  20V  p-p,  l-l 
4.2.5.4.1 
Figure  11-14 

MIL-E-6051 
4.2.4.7 

MIL-STD-1553A 

"Range  of  1.4V  to  20V  p-p,  l-l  with 
one  fault  as  stated  in  17  above 
4  5  1 .5.2.3 
Figure  10  of  1553B 

MIL-E-6051 

4.5.1.5.3 

MIL-STD-1553B 

"Assumes  one  fault  of  a  coupling  transformer,  cable  stub,  or  terminal  receiver  or  transmitter 


Table  11-3.  Comparison  of  Terminal  Characteristics 


Requirement 

Requirement  and 
MIL-STD-1553A  paragraph 

Requirement  and 
MIL-STD-1553B  paragraph 

1.  Output  level  — 

+  3.0V  to  ±  10V  peak  (6.0V  to  20.0V  p-p) 

With  RL  =  70  ±  2%,  18.0V  to  27.0V  p-p, 

transformer  coupling 

l-l  with  no  faults;  with  one  fault  of  a  coupling 

l-l 

transformer,  cable  stub,  or  terminal  receiver- 

iransminer,  ± i.^ov  10  ±  l  i.^dv  peaK 

iA  ^\/  tn  m\/  rt-n\  l-l 

4  J  5  1  1 

4  5  2  1  1  1 

Figure  12  of  1553B 

uireci  coupling 

Wltn  ML  -  Jo  +  d"/o,  b.UV  to  9.UV  p-p,  l-l 

4.5.2.2.1.1 

Figure  12  of  1553B 

2.  Output  waveform  — 

±25  ns 

+  25  ns 

Zero  crossing  deviation 

4.2.5.3.2 

4.5.2.1.1.2 

Point  C,  figure  11-14  and  figure  13  of  1553B 

Figure  12  of  1553B 

Rise  and  fall  time  (10%  to  90%) 

>  100  ns 

100  to  300  ns 

4.2.5.3.2 

4.5.2.1.1.2 

Figure  13  of  1553B 

Figure  13  of  1553B 

Transformer  coupling  distortion 

Unspecified 

±  90-mV  peak,  l-l 

(including  overshoot  and  ringing) 

4.5.2.1.1.2 

Point  A,  figure  12  of  1553B 

Direct  coupling  distortion 

Unspecified 

±  300-mV  peak,  l-l 

(including  overshoot  and  ringing) 

4.5.2.2.1.2 

Point  A,  figure  12  of  1553B 

3.  Output  noise  — 

10-mV  p-p,  l-l 

14-mV,  RMS,  l-l 

Transformer  coupling 

4.2.5.3.3 

4.5.2.1.1.3 

Point  A,  figure  11-14 

Point  A,  figure  12  of  1553B 

Table  11-3.  Comparison  of  Terminal  Characteristics  (Continued) 


Dpni  nrpmpnt 

Rpninrpmpnt  anri 
ncL)  u  1 1  ci  1 1  cm  1 1  aiiu 

MIL -^TD-I^S^A  naranranh 

ivi  1 1 —  oil-'    i  JJjn  yja  \  ay  i  api  i 

Rpm  i irpmpnt  anH 
nci_juii cli Id ll  aiiu 

MIL-STD-l'i'ilB  naraaraoh 
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4.5.2.2.1.3 

Point  A,  figure  12  of  1553B 

4.  cuipui  byrTimciry  (diier  c..d  ut>  ui  rinuuii 

crossing  of  the  last  parity  bit  — 

Transformer  coupling 

Unspecified 

+  250-mV  peak,  l-l 

4.5.2.1.1.4 

Point  A,  figure  12  of  1553B 

Dirprt  rounlinn 

l  jnsDecif  ied 

±  90-mV  peak,  l-l 

4.5. 2.2.1.4 

D.    input  WdvclUIrll  — 

Point  A,  figure  12  of  1553B 

Maximum  zero  crossing  deviation 

Unspecified 

±  1 50  ns 

4  fi  P  1  9  1 

Point  A,  figures  9  or  10  of  1553B 

6.  Input  signal  response  range 

Transformer  coupling 

±0.5V  to  ±  10.0V  peak 

0.86V  to  14.0V  p-p,  l-l 

(1.0V  to  20V  p-p),  l-l 

4.2.5.4.1 

4.5.2.1.2.1 

Point  C,  figure  11-14 

Point  A,  figure  9  of  1553B 

Direct  coupling 

1.2V  to  20V  p-p,  l-l 

4.5.2.2.2.1 

Point  A,  figure  10  of  1553B 

7.  Input  signal  no  response  range 

Transformer  coupling 

Unspecified 

0.0V  to  0.2V  p-p.  l-l 

4.5.2.1.2.1 

Point  A,  figure  9  of  1553B 

Direct  coupling 

Unspecified 

0.0V  to  0.28V  p-p,  l-l 

4.5.2.2.2.1 

Point  A,  figure  10  of  1553B 

Table  11-3.  Comparison  of  Terminal  Characteristics  (Concluded) 


Requirement  and 

Requirement  and 

Requirement 

MIL-b  1  U-  1553A  paragraph 

MIL-STD-1553B  paragraph 

8.  Common  mode  rejection 

±  10.0V  peak,  line-to-ground,  dc  to  2  MHz 

±  10.0V  peak,  line-to-ground,  dc  to  2  MHz 

4.2.5.4.2 

4.5.2.1.2.2  or  4.5.2.2.2.2 

Point  A,  figure  11-14 

Point  A,  figures  9  or  10  of  1553B 

9  InDut  imDedance  — 

Transformer  coupling 

Minimum  of  2,000  ohms  over  a  frequency 

Minimum  of  1,000  ohms  over  a  frequency 

range  of  100  kHz  to  1  MHz,  l-l 

range  of  75  kHz  to  1  MHz,  l-l 

4.2.5.4.3 

4.5.2.1.2.3 

Point  C,  figure  11-14 

Point  A,  figure  9  of  1553B 

Direct  couDlina 

Minimum  of  2,000  ohms  over  a  frequency 

ranae  of  75  kHz  to  1  MHz  l-l 

A  C.  O  O  O  ^ 

Point  A,  figure  10  of  1553B 

10.  Noise  rejection  or  error  rate  — 

Maximum  bit  error  rate  of  10~'2  and  a 

Maximum  of  one  part  in  107  word  error 

Transformer  coupling 

maximum  incomplete  message  rate  of  10~6 

in  the  presence  of  additive  white  gaussian 

in  a  configuration  of  one  bus  controller  on 

noise  of  140-mV  RMS  over  a  bandwidth 

a  20-ft  stub  with  a  minimum  of  100  ft  of 

of  1.0  kHz  to  4  MHz;  input  voltage  2.1V 

main  bus  cable  between  coupling  boxes;  test 

P-P,  l-l 

is  conducted  in  presence  of  magnetic  field  per 

Point  A,  figure  9  of  1553B  and 

MIL-STD-462  method  RS02  (spike  test)  with 

accept/reject  Table  II-6 

the  limits  of  MIL-STD-461  RS02 

4.3.3 

4.5.2.1.2.4 

Direct  coupling 

Maximum  of  one  part  in  107  word  error 

rate  in  the  presence  of  additive  white 

gaussian  noise  of  200-mV  RMS  over  a 

bandwidth  of  1.0  kHz  to  4  MHz;  input 

voltage  3.0V  p-p,  l-l 

Point  A,  figure  10  of  1553B  and 

accept/reject  Table  II-6 

4.5.2.2.2.4 

Table  11-4.  Summary  of  Data  Bus  and  Coupling  Requirements 


Parameter 

MIL-STD-1553A 

MIL-STD-1553B 

Transmission  line 

•  Cable  type 

Twisted-shielded  pair 

Twisted-shielded  pair 

•  Capacitance  (wire-to-wire) 

30  pF/ft,  maximum 

30  pF/ft,  maximum 

•  Twist 

1/in,  minimum 

4/ft  (0.33/in),  minimum 

•  onaracteristic  impeaance(£o; 

iv  onms  ±  iu  /o  ax  i.u  mnz 

(U  io  bo  onms  at  i.u  mmz 

•  Attenuation 

1.0  dB/100  ft  at  1.0  MHz,  maximum 

1.5  dB/100  ft  at  1.0  MHz,  maximum 

•  Length  of  main  bus 

300  ft,  maximum 

Not  specified 

•  Termination 

Two  ends  terminated  in  resistors  equal  to  Z0 

Two  ends  terminated  in  resistors 
equal  to  Z0  ±  2% 

•  Shielding 

80%  coverage,  minimum 

75%  coverage,  minimum 

•  Stub  definition 

Short  stub  <  1  ft 

Short  stub  <  1  ft 

Long  stub  >  1  to  20  ft 

Long  stub  >  1  to  20  ft 

(20  ft,  maximum) 

(may  be  exceeded) 

•  Coupler  requirement 

All  connections  use  external  coupler  box; 

Direct  coupled,  short  stub  transformer 

connectors  specified  (ref.  fig.  1-1.6) 

coupled,  long  stub  (ref.  fig.  1-1.7) 

•  Coupler  transformer 

•  Tiirnc  rutin 

v    l  u  i  Ho  i  aliu 

Nnt  ^riprifipfi 

1  to  1.41 

•  Input  impedance 

Nnt  QnAPifipH 

INUl  opCUl  1  IcU 

^  nflftnhm^  minimi  inW7R  H  kH7  tn 
o,uuu  ui  ii mo,  1 1 1 1 1 1 1 1 1 1 u 1 1 1  |u.ui\nL  iu 

1.0  MHz) 

•  Droop 

Not  specified 

20%  maximum  (250  kHz) 

•  Overshoot  and  ringing 

Not  specified 

±1.0V  peak  (250-kHz  square  wave  with 
100-ns  maximum  rise  and  fall  time) 

•  Common  mode  rejection 

Not  specified 

45.0  dB  at  1.0  MHz 

•  Fault  protection 

Resistor  in  series  with  each  connection  equal 

Resistor  in  series  with  each  connection 

to  (0.75Zo)  ±  5%  ohms 

equal  to  (0.75Zo)  ±  2.0%  ohms 

•  Stub  voltage 

±  0.5V  to  ±  10.0V,  peak,  l-l  (1.0V  to  20.0V, 

1.0V  to  14.0V  p-p,  l-l,  minimum  signal 

p-p,  l-l);  nominal  signal  level  for  terminal 

voltage  (transformer  coupled)  1.4V  to 

response 

20.0V,  p-p,  l-l,  minimum  signal  voltage 

(direct  coupled) 

4.5.1.5.1  and  4.5.1.5.2  are  permissible. 

4.5.1.5.1  Transformer  coupled  stubs.  The  length 
of  a  transformer  coupled  stub  should  not  exceed 
20  feet.  If  a  transformer  coupled  stub  is  used,  then 
the  following  shall  apply. 

4.5.1.5.1.1  Coupling  transformer.  A  coupling 
transformer,  as  shown  on  figure  9,  shall  be 
required.  This  transformer  shall  have  a  turns  ratio 
of  1:1.41  +3.0  percent,  with  the  higher  turns  on 
the  isolation  resistor  side  of  the  stub. 

A  generalized  multiplex  bus  network  configura- 
tion is  shown  in  figure  1  of  1553B.  The  main  bus  is 
terminated  at  each  end  in  the  cable  character- 
istic impedance  to  minimize  reflections  caused 
by  transmission  line  mismatch.  With  no  stubs 
attached,  the  main  bus  looks  like  an  infinite 
length  transmission  line  and  therefore  there  are 
no  disturbing  reflections.  When  the  stubs  are 
added  for  connection  of  the  terminals,  the  bus  is 
loaded  locally  and  a  mismatch  occurs  with  resul- 
ting reflections.  The  degree  of  mismatch  and 
signal  distortions  caused  by  reflections  are  a 
function  of  the  impedance  (Z)  presented  by  the 
stub  and  terminal  input  impedance.  In  order  to 
minimize  signal  distortion,  it  is  desirable  that  the 
stub  maintain  a  high  impedance.  This  impedance 
is  reflected  back  to  the  main  bus.  At  the  same 
time  the  impedance  needs  to  be  kept  low  so  that 
adequate  signal  power  will  be  delivered  to  the 
receiver  input.  Therefore,  a  trade-off  and 
compromise  between  these  conflicting 
requirements  is  necessary  to  achieve  the 
specified  signal-to-noise  ratio  and  system  error 
rate  performance.  Two  methods  for  coupling  a 
terminal  to  the  main  bus  are  defined  in  1553B, 
transformer  coupling  and  direct  coupling.  The 
two  methods  are  shown  in  figures  9  and  10  of 
1 553B.  Transformer  coupling  is  usually  used  with 
long  stubs  (1  to  20  ft)  and  requires  a  coupler  box, 
separate  from  the  terminal,  located  near  the 
junction  of  the  main  bus  and  stub.  Direct 
coupling  is  usually  limited  for  use  with  stubs  of 
less  than  1  ft. 

Fault  isolation  resistors  (R)  are  included  to 
provide  protection  for  the  main  bus  in  case  of  a 
short  circuit  in  the  stub  or  terminal.  The  coupler- 
transformer  characteristics  defined  in  75538  and 
listed  in  table  7-4  provide  a  compromise  between 
the  signal  level  and  distortion  characteristics 
delivered  to  the  terminals.  The  coupler 
transformer  turns  ratio  (1:1.41)  provides 
impedance  transformation  for  both  terminal 
reception  and  transmission.  The  improvement  of 
stub  load  impedance  is  a  result  of  impedance 


oi/ua/e  vi  ma  tunts  latiu,  aasuiiimy  an  luaai 

coupler  transformer. 

As  indicated  above,  the  1:1.41  transformer  also 
provides  ideal  termination  of  the  stub  for  trans- 
mission of  signals  from  the  terminal  to  the  main 
bus.  The  impedance  at  main  bus  is 

Zo 

ZB=— +2R  (1) 

where 

R  =  0.75  Zo 

ZB  =  0.5Zo  +  1 .5Zo  =  2Z0  ohms  (2) 

The  reflected  impedance,  ZR,  from  the  bus  to  the 
stub  due  to  the  transformer  impedance 
transformation  is 

Z„=f  =  ^=Zo  (3) 

Therefore,  the  coupler  transformer  specified  in 
1553B  provides  the  characteristics  desired  for 
reducing  reflections  and  maintaining  signal 
levels  for  systems  where  long  stubs  are  required. 

4.5.1.5.1.1.1  Transformer  input  impedance.  The 

open  circuit  impedance  as  seen  at  point  B  on 
figure  1 1  shall  be  greater  than  3000  Ohms  over 
the  frequency  range  of  75.0  kilohertz  (kHz)  to  1 .0 
megahertz  (MHz),  when  measured  with  a  1.0V 
root-mean-square  (RMS)  sin  wave. 

The  transformer  open  circuit  impedance  (Zoc)  is 
required  to  be  greater  than  3k  ohms  in  1553B 
systems.  The  measurement  is  made  looking  into 
the  higher  turns  winding  (1.41)  with  a  75  kHz  to  1 
MHz  sine  wave  signal.  The  test  amplitude  at  the 
transformer  winding  is  adjusted  to  1V  rms.  The 
critical  factors  in  achieving  the  3k  ohm  Zoc  is  the 
distributed  capacitance  of  the  windings  and  the 
transformer  primary  inductance.  The  inductance 
of  the  transformer  must  be  large  enough  to 
provide  the  open  circuit  impedance  at  75  kHz, 
and  the  distributed  capacitance  should  be  small 
enough  to  maintain  the  open  circuit  impedance 
at  the  1  MHz  test  frequency.  The  inductance  may 
obviously  be  increased  by  increasing  the  number 
of  turns  on  the  transformer.  This  technique, 
however,  tends  to  increase  the  distributed 
capacitance,  degrading  high  frequency- 
performance  and  therefore  causing  waveform 
integrity  and  common  mode  rejection  to  suffer. 

4.5.1.5.1.1.2  Transformer  waveform  integrity.  The 

droop  of  the  transformer  using  the  test 
configuration  shown  on  figure  1 1  at  point  B,  shall 
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Figure  11  of  1553B.  Coupling  Transformer 

not  exceed  20.0  percent.  Overshoot  and  ringing 
as  measured  at  point  B  shall  be  less  that  ±  1.0V 
peak.  For  this  test,  Ft  shall  equal  360.0  ohms  ±5.0 
percent  and  the  input  A  of  figure  11  shall  be  a 
250.0  kHz  square  wave,  27.0V  peak-to-peak,  with 
a  rise  and  fall  time  no  greater  than  100 
nanoseconds  (ns). 

The  ability  of  the  coupler  transformer  to  provide  a 
satisfactory  signal  is  specified  in  the  droop, 
overshoot,  and  ringing  requirements  of  75536 
shown  in  figure  11-11.  Droop  is  specified  at  20% 
maximum  when  driving  the  transformer  with  a 
250  kHz,  27V  p-p  square  wave.  The  test  for  the 
droop  characteristic  is  made  by  driving  the  low 
turns  winding  through  a  360  ohm  resistor  and 
measuring  the  signal  at  the  open-circuited  high 
side  winding.  The  droop  of  the  transformer  is 
determined  mainly  by  the  primary  inductance. 
Since  the  primary  inductance  also  provides  the 
3k  ohm  open  circuit  impedance,  the  inductance 
should  be  made  as  high  as  possible  without 
degrading  the  high-frequency  performance  of 
the  transformer.  Ringing  and  overshoot  on  the 
transformer  signal  is  also  shown  in  figures  11-11. 
The  +  1V  limit  on  these  high-frequency  perturba- 
tions can  be  achieved  through  careful  attention 
to  leakage  inductance  and  transformer 
capacitance. 

4.5.1.5.1.1.3  Transformer  common  mode 
rejection.  The  coupling  transformer  shall  have  a 
common  mode  rejection  ratio  greater  than  45.0 
dB  at  1.0  MHz. 

The  commond  mode  rejection  of  the  isolation 
transformer  is  required  to  be  greater  than  45.0dB. 
The  common  mode  test  shown  in  figure  11-12 
consists  of  driving  the  high  turns  winding  while 
measuring  the  differential  signal  across  the  high 


side.  Common  mode  rejection  can  be  improved 
by  minimizing  the  interwinding  capacitance  and 
the  core-to-winding  capacitance. 

4.5.1.5.1.2  Fauft  isolation.  An  isolation  resistor 
shall  be  placed  in  series  with  each  connection  to 
the  data  bus  cable.  This  resistor  shall  have  a  value 
of  0.75  Zo  plus  or  minus  2.0  percent,  where  Zois 
the  selected  cable  nominal  characteristic 
impedance.  The  impedance  placed  across  the 
data  bus  cable  shall  be  no  less  than  1.5Z0failure 
of  the  coupling  transformer,  cable  stub,  or 
terminal  transmitter/receiver. 

4.5.1.5.1.3  Cable  coupling.  All  coupling 
transformers  and  isolation  resistors,  as  specified 
in  4.5.1.5.1.1  and  4.5.1.4.1.2,  shall  have 
continuous  shielding  which  will  provide  a 
minimum  of  75  percent  coverage.  The  isolation 
resistors  and  coupling  transformers  shall  be 
placed  at  minimum  possible  distance  from  the 
junction  of  the  stub  to  the  main  bus. 

4.5.1.5.1.4  Stub  voltage  requirements.  Every  data 
bus  shall  be  designed  such  that  all  stubs  at  point 
A  of  figure  9  shall  have  a  peak-to-peak  amplitude, 
line-to-line  within  the  range  of  1.0and  14.0Vfora 
transmission  by  any  terminal  on  the  data  bus. 
This  shall  include  the  maximum  reduction  of  data 
bus  signal  amplitude  in  the  event  that  one  of  the 
terminals  has  a  fault  which  causes  it  to  reflect  a 
fault  impedance  specified  in  4.5.1.5.1.2  on  the 
data  bus.  This  shall  also  include  the  worst  case 
output  voltage  of  the  terminals  as  specified  in 
4.5.2.1.1.1  and  4.5.2.2.1.1. 


— — 


i 


 i 

TRANSFORMER  UNDER  TEST 





"T" 

OUTPUT 


N  =  turns  ratio  (1.41) 


%  droop  -  &  <  100  OUTPUT  WAVEFORM 

Figure  11-11.  Waveform  Test 
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Figure  11-12.  Common  Mode  Test 


4.5.1.5.2  Direct  coupled  stubs.  The  length  of  a 
direct  coupled  stub  should  not  exceed  1  foot. 
Refer  to  10.5  for  comments  concerning  direct 
coupled  stubs.  If  a  direct  coupled  stub  is  used, 
then  the  following  shall  apply. 

4.5.1.5.2.1  Fault  isolation.  An  isolation  resistor 
shall  be  placed  in  series  with  each  connection  to 
the  data  bus  cable.  This  resistor  shall  have  a  value 
of  55.0  Ohms  plus  or  minus  2.0  percent.  The 
isolation  resistors  shall  be  placed  within  the  RT 
as  shown  on  figure  10. 

4.5.1.5.2.2  Cable  coupling.  All  bus-stub  junctions 
shall  have  continuous  shielding  which  will 
provide  a  minimum  of  75  percent  coverage. 

4.5.1.5.2.3  Stub  voltage  requirements.  Every  data 
bus  shall  be  designed  such  that  all  stubs  at  point 
A  of  figure  10  shall  have  a  peak-to-peak 
amplitude,  line-to-line  within  the  range  of  1 .4and 
20.0  V  for  a  transmission  by  any  terminal  on  the 
data  bus.  This  shall  include  the  maximum 
reduction  of  data  bus  signal  amplitude  in  the 
event  that  one  of  the  terminals  has  a  fault  which 
causes  it  to  reflect  a  fault  impedance  of  1 10  Ohms 
on  the  data  bus.  This  shall  also  include  the  worst 
case  output  voltage  of  the  terminals  as  specified 
in  4.5.2.1.1.1  and  4.5.2.2.1.1. 

4.5.1.5.3  Wiring  and  cabling  for  EMC.  For 

purposes  of  electromagnetic  capability  (EMC), 
the  wiring  and  cabling  provisions  of  MIL-E-6051 
shall  apply. 

The  requirements  for  couplers  specified  in  1553A 
have  been  modified  for  1553B  and  a  comparison 
of  the  two  requirements  is  shown  in  figure  11-13. 
The  major  difference  in  the  two  requirements  are 
the  placement  of  the  isolation  resistors  for  the 
direct-coupled  (short-stub)  connection  and  the 


characterization  of  the  coupling  transformer  in 
the  long-stub  (transformer-coupled)  connection. 
With  the  isolation  resistors  located  in  the  terminal 
for  the  direct-coupled  case,  the  need  for  a 
separate  coupler  box  is  eliminated  as  long  as  a 
reliable  shielded  splice  can  be  maintained. 

The  terminal  input  and  output  specifications  for 
the  transformer-coupled  and  direct-coupled 
connections  are  required  to  be  separated  in 
1553B  because  of  the  effects  on  signal  levels  and 
impedances  of  the  transformer  turns  ratio  being 
specified  as  1:1.41  instead  of  the  assumed  1:1  in 
1553A. 

The  transformer  in  the  1553B  coupler  has  the 
turns  ratio  of  1:1.41.  This  ratio,  together  with  the 
0.752  fault  isolation  resistor  provides  the  correct 
characteristic  impedance  for  terminating  the 
stub: 

Z  stub  =  (-1—  )2(.75  Z0  +  .75  Z0  +  .5  Z0) 
1.41 

The  stub  capacitance  is  also  effectively 
decreased  by  the  square  of  the  turns  ratio  to 
lessen  the  loading  problem.  The  1:1.41  ratio  of 
1553B  is  a  compromise  between  stub  matching 
and  decreased  stub  loading. 

The  connector  type  specified  is  important  for 
severe  environment  military  aircraft  applications. 
MIL-STD-1553A  specified  the  use  of  two-pin 
polarized  connectors  such  as  TBI  BJ37 
(reference  to  "TEL-14949-E137"  is  in  error).  The 
two-pin  polarized  connector  employs  an 
interface  configuration  with  one  male  and  one 
female  contract.  The  female  contact  is 
embedded  in  one  side  of  a  step  dielectric  and  the 
male  contact  is  exposed.  There  are  several 
inherent  shortcomings  to  this  design.  MIL-STD- 
1553B  does  not  specify  connector  types. 

The  coupling  netword  provides  bus  connections 
for  the  transformer-coupled  (external  coupler) 
and  direct-coupled  cases  defined  in  1553B. 
Isolation  resistors  of  55  ohms  value  are  included 
for  the  direct-coupled  connection,  and  the 
proper  transformer  turns  ratio  is  provided  when 
the  appropriate  bus  connection  is  selected.  The 
turns  ratio  is  different  for  the  transformer- 
coupled  and  direct-coupled  connections  to 
compensate  for  the  1.41  to  1  reduction  of  signal 
level  in  the  external  coupler.  This  feature  allows  a 
threshold  setting  that  is  the  same  for  both  bus 
connections. 

4.5.2  Terminal  Characteristics 

An  additional  concern  is  the  specification  for  the 
bus  and  terminal  interface.  This  area  of  1553A 
was  significantly  reworked  to  provide  a  more 
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SHORT-STUB 
COUPLER 


1553A 


LONG-STUB 
COUPLER 


DATA  BUS 


1  ft  MAXIMUM  < 


•  Isolation  resistors:  R=  0.75  Z*0  +  5% 

•  Isolation  transformer:  (not  specified) 

'Nominal  characteristic  impedance  of  bus  cable:  Z0  =  70  ±  10%  at  1  MHz 


Characteristics 
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1553B 


DIRECT 
COUPLED 


TRANSFORMER 
COUPLED 


SHIELD 


A-A* 


DATA 
BUS 


1:1.41 


nry~\ 


55  ohms 

±2% 


55  ohms 
±2% 


TRANSCEIVER 


TERMINAL 


TRANSCEIVER 


TERMINAL 


 I 


•  Isolation  resistors:  R  =  0.75  Z*0  ±  2% 

•  Isolation  transformer:  turns  ratio  1:1.41  ±3% 

(1— terminal  winding) 
(1.41— bus  winding) 
Zoc  >  3K  at  75  kHz  to  1  MHz 
1V  rms  sine  wave 
Droop:  <  20%  1 

Overshoot/ringing:  <  ±  1V    \  at  27V  P-P  250  kHz  square  wave 
CMR:  >45  dB  at  1  MHz  J 
'Nominal  characteristic  impedance  of  bus  cable:  Z0  =  70  to  85  at  1  MHz 


Figure  11-13.  Coupler  Characteristics  (Continued) 
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complete  definition  of  the  terminal  interface 
characteristics  that  are  independent  of  network 
configuration.  Figures  11-14  and  11-15  show  the 
interface  diagrams  and  the  points  where  the 
signal  measurement  are  defined  in  1553A  and 
1553B.  Table  11-5  is  a  summary  listing  of  the 


terminal  and  data  bus  interface  requirements 
specified  in  the  two  versions  of  the  standard.  The 
following  discussion  will  relate  some  of  the 
rationale  for  this  approach  to  development  of  the 
updated  requirements  in  1553B. 


TERMINAL 


n 

TERMINAL 
R  Isolation  resistor 

Figure  11-14.  MIL-STD-1553A  Data  Bus  Interface 


a.  Direct  Coupled  (Short  Stub) 

R  isolation  resistor 

N  transformer  turns  ratio 


"LJ" 


COUPLER 


n 


b.  Transformer  Coupled  (Long  Stub) 


Figure  11-15.  MIL-STD-1553B  Data  Bus  Interface 
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Table  11-5.  Summary  of  Terminal  and  Data  Bus  Interface  Requirements 


Parameter 

MIL-STD-1553A 

MIL-STD-1553B 

Terminal  output  characteristics 

•  Output  voltage 

±  3.0V  to  ±  10.0V,  peak.  I-I  (6.0V  to  20.0V, 

18.0V  to  27.0V,  p-p,  l-l  (transformer  coupled) 

p-p,  l-l)  Point  A,  figure  11-14. 

Point  A,  figure  ll-16b 

6.0V  to  9.0V,  p-p,  l-l  (direct  coupled) 

Point  A,  figure  ll-16a 

•  Output  waveform 

Zero  crossing  deviation  ±25  ns;  rise  and  fall 

Zero  crossing  deviation  +  25  ns,  maximum, 

time  of  this  waveform  shall  be  >  100  ns 

measured  with  respect  to  previous  crossing; 

rise  and  fall  times  100  to  300  ns 

Overshoot  and  ringing  +  900-mV  peak,  maximum, 
l-l 

Point  A,  figure  1 1-1 6b  (transformer-coupled  stub) 

Zero  crossing  deviation  and  rise  and  fall  times 

same  as  above  overshoot  and  rining  —  ±  300-mV 

npak  maximum  l-l 

Point  A,  figure  ll-16a  (direct-coupled  stub) 

•  Output  symmetry 

Not  specified 

Voltage  at  2.5  us  after  midpoint  of  parity  bit; 

+  250-mV  peak,  maximum,  l-l 

Point  A,  figure  1 1-1 6b  (transformer-coupled  stub) 

X/nltflnp  at  9     liq  aftpr  mirinnint  nf  naritu  hit* 

+  90-mV  peak,  maximum,  l-l 

Point  A,  figure  ll-16a  (direct-coupled  stub) 

in  m\/  r»-n  l-l 
IV  1 1 IV  p        I  I 

1/1  n  m\/   CMQ    1  1 

m. u  mv,  pimo,  i-i 

Point  A,  figure  11-14 

Point  A,  figure  1 1-1 6b  (transformer-coupled) 

5.0mV,  RMS,  l-l 

Point  A,  figure  ll-16a  (direct-coupled) 

Terminal  input  characteristics 

•  Input  voltage 

+  0.5V  to  ±  10.0V  peak,  l-l  (1.0V  to  20.0V, 

0.86V  to  14.0V,  p-p,  l-l,  terminal  response  required; 

p-p,  l-l)  Point  A,  figure  11-14  —  terminal 

0.0V  to  0.2V,  p-p,  l-l,  terminal  no  response  (with 

responds 

transformer-coupled  stubs) 

Point  A,  figure  ll-15b 

1.2V  to  20.0V,  p-p,  l-l,  terminal  response  required; 

0.0V  to  0.28V,  p-p,  l-l,  terminal  no  response  (with 

direct-coupled  stubs) 

Point  A,  figure  1 1-1 5a 

Table  11-5.  Summary  of  Terminal  and  Data  Bus  Interface  Requirements  (Concluded) 


Parameter 

MIL-STD-1553A 

MIL-STD-1553B 

•  Input  impedance 

•  Noise  rejection 

•  Common  mode  rejection 

2,000  ohms,  minimum,  from  100  kHz  to 
1.0  MHz  Point  C,  figure  11-14 

BER  —  1  in  1012;  maximum,  incomplete 
message  rate  1  in  106;  test  condition  —  bus 
controller  connected  to  RT  over  100-ft  data 
bus  using  20-ft  stubs 

+  10.0V  peak,  line-to-ground,  dc  to  2  MHz, 
shall  not  degrade  performance 
Point  A,  figure  11-14 

1,000  ohms,  minimum,  from  75  kHz  to  1.0  MHz 
Point  A,  figure  1 1-1 5b  (transformer-coupled  stub) 

2,000  ohms,  minimum,  from  75  kHz  to  1.0  MHz 
Point  A,  figure  1 1-1 5a  (direct-coupled) 

Maximum  word  error  rate  of  1  in  107,  AWG  noise, 
1.0  kHz  to  4.0  MHz,  140  mV,  RMs  level;  signal 
level  —  2.1V,  p-p,  l-l 

Point  A,  figure  ll-15b  (transformer-coupled  stub) 

Maximum  word  error  rate  of  1  in  107,  AWG  noise, 
1.0  kHz  to  4.0  MHz,  200  mV,  RMS  level;  signal 
level  is  3.0V,  p-p,  l-l 

Point  A,  figure  ll-15a  (direct-coupled  stub) 

+  10.0V  peak,  line-to-ground,  dc  to  2.0  MHz,  shall 

not  degrade  performance  of  the  receiver 

Point  A,  figure  1 1-1 5b  (transformer-coupled  stub) 

Same  specification  for  direct-coupled  stub 
Point  A,  figure  ll-15a 

TERMINAL 


35  ohms 

±2% 


a.  Direct-Coupled 
Connection 


TERMINAL 


70  ohms 
±2% 


b.  Transformer-Coupled 
Connection 


Figure  11-16.  Direct-Coupled  and  Transformer-Coupled  Terminal  Output  Test  Configuration 


4.5.2.1  Terminals  with  transformer  coupled  stubs 

4.5.2.1.1  Terminal  output  characteristics.  The 

following  characteristics  shall  be  measured  with 
Rl,  as  shown  on  figure  12,  equal  to  70.0  Ohms 
+  2.0  percent. 

4.5.2.1.1.1  Output  levels.  The  terminal  output 
voltage  levels  shall  be  measured  using  the  test 
configuration  shown  on  figure  12.  The  terminal 
output  voltage  shall  be  within  the  range  of  1 8.0  to 
27.0  V,  peak-to-peak,  line-to-line,  when 
measured  at  point  A  on  figure  12. 

The  upper  end  of  the  bus  voltage  range  (20V p-p) 
allowed  by  1553A  was  considered  to  be  excessive 
and  if  implemented  would  result  in  excessive 
power  dissipation  and  most  of  the  systems  and 
hardware  designed  to  1553A  use  signal  levels  at 
or  near  the  lower  end  (6.0V  p-p)  of  the  specified 
range.  It  should  be  noted  that  the  measurement 
point  in  1553A  is  at  the  main  bus,  point  A  on  figure 
7-14.  This  does  not  provide  a  specified  level  at  the 
terminal  connection  point  (c)  and  is  especially 
troublesome  to  the  terminal  hardware  designer 
since  the  characteristics  of  the  coupler 
transformer  are  not  specified.  The  approach 
taken  for  1553B  is  to  specify  the  terminal  output 
for  the  two  conditions,  transformer-coupled  and 
direct-coupled.  This  may  require  that  each 
terminal  have  two  sets  of  input-output  pins  for 
each  bus  cable  connection.  Therefore,  the  18V to 
27V  p-p  transmitter  output  applied  to  the  stub 
and  coupler  results  in  a  nominal  6.0V  to  9.0V p-p 
signal  level  at  the  stub  and  bus  connection  (point 
B).  This  range  is  equivalent  to  that  specified  for 
the  direct-coupled  case  shown  in  figure  11-15. 
Test  configurations  are  provided  for  both  direct- 
coupled  and  transformer-coupled  in  figure  11-16. 


measured  with  respect  to  the  previous  zero 
crossing  (i.e.,  .5 +  .025  us,  1.0 ±.025 us,  1.5 +.025 
us,  and  2.0 +  .025  us).  The  rise  and  fall  time  of  this 
waveform  shall  be  from  100.0  to  300.0  ns  when 
measured  from  levels  of  10  to  90  percent  of  full 
waveform  peak-to-peak,  line-to-line,  voltage  as 
shown  on  figure  13.  Any  distortion  of  the 
waveform  including  overshoot  and  ringing  shall 
not  exceed  ±900.0  millivolts  (mV)  peak,  line-to- 
line,  as  measured  at  point  A,  figure  12. 

77?e  transmitted  waveform  specified  in  1553A  is 
limited  in  the  definition  of  signals  that  appear  on 
the  data  bus.  The  zero  crossing  deviations 
allowed  are  not  well  defined  for  all  possible 
patterns,  and  the  rise  and  fall  times  specification 
is  open  ended.  The  waveform  characteristics 
defined  in  1553B  provides  control  of  the  zero 
crossing  deviations  for  all  possible  conditions 
and  establishes  a  limit  on  distortion. 

4.5.2.1.1.3  Output  noise.  Any  noise  transmitted 
when  the  terminal  is  receiving  or  has  power 
removed,  shall  not  exceed  a  value  of  14.0  mV, 
RMS,  line-to-line,  as  measured  at  point  A,  figure 
12. 


TERMINAL 


4.5.2.1.1.2  Output  waveform.  The  waveform, 
when  measured  at  point  A  on  figure  12  shall  have 
zero  crossing  deviations  which  are  equal  to,  or 
less  than,  25.0  ns  from  the  ideal  crossing  point, 


Figure  12  of  1553B.  Terminal  I/O 
Characteristics  for  Transformer-Coupled 
and  Direct-Coupled  Stubs 
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+  VOLTS  90%  


0  VOLTS  SO* 


-VOLTS  10%  


Figure  13  of  1553B.  Output  Waveform 


MIL-STD-1553A  specified  value  of  10  mV  p-p 
noise  (4.2.5.3.3)  is  considered  unrealistically  low 
for  practical  hardware  design.  Also,  noise  is 
normally  specified  as  an  rms  value  since  peak 
noise  is  difficult  to  measure.  The  output  rms 
noise  for  the  transformer-coupled  and  direct- 
coupled  cases  are  specified  in  1553B  (4.5.2.1.1.3 
and  4.5.2.2.1.3)  and  are  consistent  with  the 
required  system  performance  and  practical 
terminal  hardware  design.  The  requirement  for 
low  output  noise  of  14  mV  rms  and5mV  rms  when 
not  transmitting  also  places  significant 
constraints  on  the  length  and  routing  of  input- 
output  wiring  because  of  the  induced  power 
supply  and  logic  noise  generated  in  the  terminal. 

4.5.2.1.1.4  Output  symmetry.  From  the  time 
beginning  2.5  us  after  the  mid-bit  crossing  of  the 
parity  bit  of  the  last  word  transmitted  by  a 
terminal,  the  maximum  voltage  at  point  A  of 
figure  1 2  shall  be  no  greater  than  +250.0  mV  peak, 
line-to-line.  This  shall  be  tested  with  the  terminal 
transmitting  the  maximum  number  of  words  it  is 
designed  to  transmit,  up  to  33.  This  test  shall  be 
run  six  times  with  each  word  in  a  contiguous 
block  of  words  having  the  same  bit  pattern.  The 
six  word  contents  that  shall  be  used  are  8000lS, 
7FFF16,  0000,6,  FFFFie,  5555,6,  and  AAAA,6. 

The  output  of  the  terminal  shall  be  as  specified  in 
4.5.2.1.1.1  and  4.5.2.1.1.2. 

Symmetry  of  the  transmitted  waveform  in  time 
and  amplitude  was  not  adequately  specified  in 
1553A.  An  ideal  waveform  is  perfectly  balanced 
so  that  the  signal  energy  on  both  sides  of  zero 
(off)  level  is  identical.  If  the  positive  or  negative 
energy  is  not  equal,  problems  can  develop  in  the 
coupling  transformers  and  the  transmission  line 
can  acquire  a  charge  that  appears  as  a  tail  with 
overshoot  and  ringing  when  transmission  is 
terminated.  These  considerations  require  that 
the  symmetry  of  the  transmitted  waveform  be 


cuniruiieu  wnriiri  prac'i/Gcif  iirmm.  1 111s  is 
accomplished  in  1553B  by  specifying  the  signal 
level  from  a  time  beginning  2.5  us  after  the  midbit 
zero  crossing  of  the  parity  bit  of  the  last  word  in  a 
message  transmitted  by  the  terminal  under  test. 
The  test  messages  contain  the  maximum  number 
of  words  and  defined  bit  patterns. 

4.5.2.1.2  Terminal  input  characteristics.  The 

following  characteristics  shall  be  measured 
independently. 

4.5.2.1.2.1  Input  waveform  compatibility.  The 

terminal  shall  be  capable  of  receiving  and 
operating  with  the  incoming  signals  specified 
herein,  and  shall  accept  waveform  varying  from  a 
square  wave  to  a  sine  wave  with  respect  to  the 
previous  zero  crossing  of  ±150  ns,  (i.e.,  2.0 ±.15 
us,  1.5  ±  .15  us,  1.0  ±  .15  us,  .5  ±  .15  us).  The 
terminal  shall  respond  to  an  input  signal  whose 
peak-to-peak  amplitude,  line-to-line,  is  within  the 
range  of  .86  to  14.0  V.  The  terminal  shall  not 
respond  to  an  input  signal  whose  peak-to-peak 
amplitude,  line-to-line,  is  within  the  range  of  0.0 
to  .20V.  The  voltages  are  measured  at  point  A  on 
figure  9. 

4.5.2.1.2.2  Common  mode  rejections.  Any  signals 
from  direct  current  (DC)  to  2.0  MHz,  with 
amplitudes  equal  to  or  less  than  ±  10.0  V  peak, 
line-to-ground,  measured  at  point  A  on  figure  9, 
shall  not  degrade  the  performance  of  the 
receiver. 

The  input  voltage  specifications  in  1553B  have 
been  revised  to  reflect  the  output  voltage  ranges 
for  the  transformer-coupled  and  direct-coupled 
connections  to  the  terminal.  The  terminal- 
required  response  and  no-response  signal  levels 
are  specified  so  that  the  optimum  threshold 
levels  may  be  selected.  It  should  be  noted  that  the 
threshold  setting  has  a  significant  effect  on  the 
noise  rejection  and  error  rate  performance  of  the 
receiver.  The  maximum  value  for  no-response 
signal  level  is  200m V p-p,  and  280  mVp-p  allows 
optimum  threshold  settings  of  ±  125  and  ±  175 
mV,  respectively,  for  minimum  bit  error  rate 
(BER)  performance  when  subjected  to  the 
specified  noise  rejection  test  conditions. 

4.5.2.1.2.3  Input  impedance.  The  magnitude  of 
the  terminal  input  impedance,  when  the  RT  is  not 
transmitting,  or  has  power  removed,  shall  be  a 
minimum  of  1000.0  Ohms  within  the  frequency 
range  of  75.0  kHz  to  1.0  MHz.  This  impedance  is 
that  measured  line-to-line  at  point  A  on  figure  9. 

As  indicated  in  the  data  bus  network 
requirement,  input  impedance  is  required  to  be 
maintained  at  a  reasonable  level  to  reduce  the 
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signal  distortion  effects  when  terminals  are 
connected  to  the  bus.  Terminal  input  impedance 
is  determined  primarily  by  the  following: 

a.  Transformer  impedance  maintains 
inductance  required  to  support  low-frequency 
component  of  signal  while  controlling  inter- 
winding  capacitance  for  high  frequencies. 

b.  Terminal  wiring  capacitance  controls  stray 
capacitance  of  wiring  from  terminal  connector 
to  receiver. 

c.  Secondary  impedance  transformation,  for  the 
transformer-coupled  case,  a  transformer  with 
a  turns  ratio  of  1:1.41  is  implied.  The 
impedance  at  the  secondary  is  reflected  to  the 
terminal  input  reduced  by  a  factor  of  2. 

The  transformer  is  a  very  important  element  in 
determining  the  transceiver  characteristics  such 
as  input  impedance,  signal  waveform  integrity, 
and  common  mode  rejection  required  by  1553B. 
The  considerations  for  transformer  and 
associated  input-output  circuit  design  are  to  - 

a.  provide  the  specified  input  impedance  at  high 
frequencies  (terminal  input  impedance  1,000 
ohms  and  2,000  ohms  at  1  MHz) 

b.  Design  for  low  interwinding  capacitance  to 
achieve  the  common  mode  rejection  (45  db 
CMR  at  ±  10V  peak,  dc  to  2.0  MHz) 

These  considerations  are  directly  applicable  to 
the  design  of  the  transceiver  transformer.  In 
addition  to  the  transformer  characteristics,  other 
considerations  for  maintaining  the  terminal 
minimum  input  impedance  specified  in  1553B 
are  as  follows: 

a.  Minimize  stray  capacitance  of  wiring  from  the 
external  connector  and  on  the  circuit  card  to 
the  buffer  amplifier  (every  100  pF  results  in 
approximately  1,600  ohms  of  shunt 
impedance). 

b.  Maintain  high  impedance  at  the  receiver 
limiter  and  filter  circuit  inputs  and  transmitter 
driver  outputs  in  the  "off"  state.  These 
impedances  must  be  maintained  with  the 
terminal  (transceiver)  power  off. 

The  factor  of  2  difference  in  the  impedance 
specified  for  the  transformer-coupled  and  direct- 
coupled  cases  is  based  primarily  on  the  effect  of 

c.  The  frequency  range  was  changed  to  reduce 
the  lower  frequency  limit  from  100kHz(1553A )  to 
75  kHz  (1553B).  This  provides  additional 
assurance  that  adequate  transformer  volt-time 
product  (inductance)  is  available  to  support  the 
lower  frequencies  of  the  signal  without 
approaching  saturation. 
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4.5.2.1.2.4  Noise  rejection.  The  terminal  shall 
exhibit  a  maximum  word  error  rate  of  one  part  in 
107,  on  all  words  received  by  the  terminal,  after 
validation  checks  as  specified  in  4.4,  when 
operating  in  the  presence  of  additive  white 
Gaussian  noise  distributed  over  a  bandwidth  of 
1.0  kHz  to  4.0  MHz  at  an  RMS  amplitude  of  140 
mV.  A  word  error  shall  include  any  fault  which 
shall  be  measured  with  a  2.1  V  peak-to-peak,  line- 
to-line,  input  to  the  terminal  as  measured  at  point 
A  on  figure  9.  The  noise  tests  shall  be  run 
continuously  until,  for  a  particular  number  of 
failures,  the  number  of  words  received  by  the 
terminal,  including  both  command  and  data 
words,  exceeds  the  required  number  for 
acceptance  of  the  terminal,  or  is  less  than  the 
required  number  for  rejection  of  the  terminal,  as 
specified  in  table  II.  All  data  words  used  in  the 
tests  shall  contain  random  bit  patterns.  These  bit 
patterns  shall  be  unique  for  each  data  word  in  a 
message,  and  shall  change  randomly  from 
message  to  message. 

The  noise  rejection  specification  and  test 
conditions  defined  in  1553A  requires  extensive 
system-type  evaluation  testing  of  the  terminal 
employing  a  bus  controller  and  data  bus  radiated 
with  certain  of  the  EMI  fields  specified  in  MIL- 
STD-461  and  462.  Extensive  test  time  is  required 
to  verify  a  BER  of  1012  and  the  test  must  be 
performed  in  a  screen  room. 

The  test  conditions  of  signal  and  noise  specified 
in  1553B  were  selected  to  produce  a  correspon- 
ding value  of  word  error  rate  (WER)  wh~ich  is 
sufficiently  high  (10~7)  to  permit  performance 
verification  of  a  terminal  receiver  within  a 
reasonable  test  period.  The  noise  rejection  is  a 
figure-of-merit  test  and  can  be  performed  in  a 
normal  laboratory  environment  using  actual 
transmitters  (Manchester  waveform  output)  with 
a  typical  test  setup  as  shown  in  figure  11-17.  The 
verification  of  detector  performance  should  con- 
sider the  measurement  of  both  detected  and 
undetected  errors.  To  measure  undetected 
errors  that  do  not  correlate  with  the  transmitted 
signal  and  are  not  detected  by  the  terminal  under 
test,  it  is  necessary  to  compare  the  transmitted 
and  received  data.  Therefore,  a  reference  of 
transmitted  data  is  provided  to  the  comparator 
for  comparison  with  the  detected  data  from  the 
terminal  under  test. 

Externally  generated  noise  on  board  an  aircraft 
can  take  many  forms  with  a  wide  variety  of  power 
and  frequencies.  It  is  recognized  that  impulse 
noise  having  either  random  or  periodic  impulse 
duration,  frequency  of  occurrences,  and  burst 
interval  are  more  typical  of  noise  sources  that 
have  major  impact  on  aircraft  digital  data 
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Table  II-6.  Criteria  for  Acceptance  or  Rejection 
of  a  Terminal  for  the  Noise  Rejection  Test 

Total  words  received  by  terminal 
(in  multiples  of  107) 


No.  of 

Reject 

Accept 

errors 

(equal  or  less) 

(equal  or  more) 

0 

NA 

4.40 

1 

NA 

5.21 

2 

NA 

6.02 

3 

NA 

6.83 

4 

NA 

7.64 

5 

NA 

8.45 

6 

0.45 

9.27 

7 

1.26 

10.08 

8 

2.07 

10.89 

9 

2.88 

11.70 

10 

3.69 

12.51 

11 

4.50 

13.32 

12 

5.31 

14.13 

13 

6.12 

14.94 

14 

6.93 

15.75 

15 

7.74 

16.56 

16 

8.55 

17.37 

17 

9.37 

18.19 

18 

10.18 

19.00 

19 

10.99 

19.81 

20 

11.80 

20.62 

21 

12.61 

21.43 

22 

13.42 

22.24 

23 

14.23 

23.05 

24 

15.04 

23.86 

25 

15.85 

24.67 

26 

16.66 

25.48 

27 

17.47 

26.29 

28 

18.29 

27.11 

29 

19.10 

27.92 

30 

19.90 

28.73 

31 

20.72 

29.54 

32 

21.53 

30.35 

33 

22.34 

31.16 

34 

23.15 

31.97 

35 

23.96 

32.78 

36 

24.77 

33.00 

37 

25.58 

33.00 

38 

26.39 

33.00 

39 

27.21 

33.00 

40 

28.02 

33.00 

41 

33.00 

NA 

Note:  NA  —  not  applicable. 


systems.  Relay  switching  is  generally  regarded 
as  the  most  severe  source  of  impulse  noise  on  a 
typical  aircraft.  This  type  of  noise  defies  accepted 
forms  of  analysis,  such  as  that  performed 
utilizing  additive  white  gaussian  (AWG)  noise 
model.  Because  of  the  difficulty  of  error 
performance  analysis  using  the  impulsive  noise 
model,  a  worst-case  guassian  model  has  been 
formulated.  This  model  offers  an  analysis  and 
test  tool  for  evaluation  of  terminal  receiver 
performance  considering  the  effects  of  impulsive 
noise.  This  approach  is  reflected  in  the  noise 
rejection  test  conditions  and  word  error  rate 
versus  signal-to-noise  ratio  (SNR)  performance 
requirements  of  1553B,  paragraphs  4.5.2.1.2.4 
and  4.5.2.2.2.4. 

4.5.2.2  Terminals  with  direct  coupled  stubs 

4.5.2.2.1  Terminal  output  characteristics.  The 

following  characteristics  shall  be  measured  with 
Rl,  as  shown  on  figure  12,  equal  to  35.0  Ohms  ± 
2.0  percent. 

4.5.2.2.1.1  Output  levels.  The  terminal  output 
voltage  levels  shall  be  measured  using  the  test 
configuration  shown  on  figure  12.  The  terminal 
output  voltage  shall  be  within  the  range  of  6.0  to 
9.0  V,  peak-to-peak,  line-to-line,  when  measured 
at  point  A  on  figure  12. 

4.5.2.2.1.2  Output  waveform.  The  waveform, 
when  measured  at  point  Aon  figure  12,  shall  have 
zero  crossing  deviations  which  are  equal  to,  or 
less  than,  25.0  ns  from  the  ideal  crossing  point, 
measured  with  respect  to  the  previous  zero 
crossing  (i.e.,  .5 +  .025  us,  1.0 ±.025  us,  1.5 +.025 
us  and  2.0  ±.025  us).  The  rise  and  fall  time  of  this 
waveform  shall  be  from  100.0  to  300.0  ns  when 
measured  from  levels  of  10  to  90  percent  of  full 
waveform  peak-to-peak,  line-to-line,  voltage  as 
shown  on  figure  13.  Any  distortion  of  the 
waveform  including  overshoot  and  ringing  shall 
not  exceed  ±  300.0  mV  peak,  line-to-line,  as 
measured  at  point  A  on  figure  12. 

4.5.2.2.1.3  Output  noise.  Any  noise  transmitted 
when  the  terminal  is  receiving  or  has  power 
removed,  shall  not  exceed  a  value  of  5.0  mV, 
RMS,  line-to-line,  as  measured  at  point  A  on 
figure  12. 

4.5.2.2.1.4  Output  symmetry.  From  the  time 
beginning  2.5  us  after  the  mid-bit  crossing  of  the 
parity  bit  of  the  last  word  transmitted  by  a 
terminal,  the  maximum  voltage  at  point  A  on 
figure  12,  shall  be  no  greater  than  ±90.0  mV  peak, 
line-to-line.  This  shall  be  tested  with  the  terminal 
transmitting  the  maximum  number  of  words  it  is 
designed  to  transmit,  up  to  33.  This  test  shall  be 
run  six  times  with  each  word  in  a  contiguous 
block  of  words  having  the  same  bit  pattern.  The 
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Figure  11-17.  Typical  Noise  Rejection  Test  Setup 


six  word  contents  that  shall  be  used  are  8000i6, 
7FFF,6,  0000,6,  FFFFie,  5555,8,  and  AAAA,6.  The 
output  of  the  terminal  shall  be  as  specified  in 
4.5.2.2.1.1  and  4.5.2.2.1.2. 

4.5.2.2.2  Terminal  input  characteristics.  The 

following  characteristics  shall  be  measured 
independently. 

4.5.2.2.2.1  Input  waveform  compatibility.  The 

terminal  shall  be  capable  of  receiving  and 
operating  with  the  incoming  signals  specified 
herein,  and  shall  accept  waveform  varying  from  a 
square  wave  to  a  sine  wave  with  a  maximum  zero 
crossing  deviation  from  the  ideal  with  respect  to 
the  previous  zero  crossing  of  plus  or  minus  150 
ns,  (i.e.,2.0±.15us1.5±.15us,  1.0±.15us.5±.15 
us).  The  terminal  shall  respond  to  an  input  signal 
whose  peak-to-peak  amplitude,  line-to-line,  is 
within  the  range  of  1.2  to  20.0V.  The  terminal  shall 
not  respond  to  an  input  signal  whose  peak-to- 
peak  amplitude,  line-to-line,  is  within  the  range  of 
0.0  to  .28  V.  The  voltages  are  measured  at  point  A 
on  figure  10. 

4.5.2.2.2.2  Common  mode  rejections.  Any  signals 
from  DC  to  2.0  MHz,  with  amplitudes  equal  to  or 


less  than  +  10.0  volts  peak,  line-to-ground, 
measured  at  point  A  on  figure  10,  shall  not 
degrade  the  performance  of  the  receiver. 

4.5.2.2.2.3  Input  impedance.  The  magnitude  of 
the  terminal  input  impedance,  when  the  RT  is  not 
transmitting,  or  has  power  removed,  shall  be  a 
minimum  of  2000.0  ohms  within  the  frequency 
range  of  75.0  kHz  to  1.0  MHz.  This  impedance  is 
that  measured  line-to-line  at  point  A  on  figure  10. 

4.5.2.2.2.4  Noise  rejection.  The  terminal  shall 
exhibit  a  maximum  word  error  rate  of  one  part  in 
107,  on  all  words  received  by  the  terminal,  after 
validation  checks  as  specified  in  4.4,  when 
operating  in  the  presence  of  additive  white 
Gaussian  noise  distributed  over  a  bandwidth  of 
1.0  kHz  to  4.0  MHz  at  an  RMS  amplitude  of  200 
mV.  A  word  error  shall  include  any  fault  which 
causes  the  message  error  bit  to  be  set  in  the 
terminal's  status  word,  or  one  which  causes  a 
terminal  to  not  respond  to  a  valid  command.  The 
word  error  rate  shall  be  measured  with  a  3.0V 
peak-to-peak,  line-to-line,  input  to  the  terminal 
as  measured  at  point  A  on  figure  10.  The  noise 
tests  shall  be  run  continuously  until,  for  a 
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particular  number  of  failures,  the  number  of 
words  received  by  the  terminal,  including  both 
command  and  data  words,  exceeds  the  required 
number  for  acceptance  of  the  terminal,  or  is  less 
than  the  required  number  for  rejection  of  the 
terminal,  as  specified  in  table  II.  All  data  words 
used  in  the  tests  shall  contain  random  bit 
patterns.  These  bit  patterns  shall  be  unique  for 
each  data  word  in  a  message,  and  shall  change 
randomly  from  message  to  message. 

A  discussion  of  "terminals  with  direct  coupled 
stubs"  are  covered  in  the  preceding  section, 
which  discusses  "terminals  with  transformer 
coupled  stubs"  (4.5.2.1). 

4.6  Redundant  data   bus   requirements.  If 

redundant  data  buses  are  used,  the  requirements 
as  specified  in  the  following  shall  apply  to  those 
data  buses. 

This  section  of  the  standard  was  added  to  1553B. 
The  purpose  was  to  clarify  requirements  relating 
to  the  electrical  characteristics  and  operation  of 
redundant  data  buses. 

4.6.1  Electrical  isolation.  All  terminals  shall  have 
a  minimum  of  45  dB  isolation  between  data 
buses.  Isolation  here  means  the  ratio  in  dB 
between  the  output  voltage  on  the  active  data  bus 
and  the  output  voltage  on  the  inactive  data  bus. 
This  shall  be  measured  using  the  test 
configuration  specified  in  4.5.2.1.1  or 4.5.2.2.1  for 
each  data  bus.  Each  data  bus  shall  be  alternately 
activated  with  all  measurements  being  taken  at 
point  A  on  figure  12  for  each  data  bus. 

Although  the  data  bus  is  commonly  used  in  a 
dual-redundant  manner,  1553A  did  not  specify 
electrical  isolation  characteristics  between 
redundant  buses.  This  paragraph  was  added  in 
1553B  to  provide  a  ratio  of  the  maximum 
transmitted  signal  on  one  bus  to  the  minimum 


received  threshold  on  the  redundant  bus.  Test 
conditions  that  are  specified  in  the  referenced 
paragraphs  correspond  to  terminals  with 
transformer-coupled  stubs  and  with  direct- 
coupled  stubs. 

4.6.2  Single  event  failures.  All  data  buses  shall  be 
routed  to  minimize  the  possibility  that  a  single 
event  failure  to  a  data  bus  shall  cause  the  loss  of 
more  than  that  particular  data  bus. 

This  is  an  obvious  requirement  unique  to  military 


aircraft.  This  paragraph  was  added  in 


4.6.3  Dual  standby  redundant  data  bus.  If  a  dual 
redundant  data  bus  is  used,  then  it  shall  be  a  dual 
standby  redundant  data  bus  as  specified  in  the 
following  paragraphs. 

4.6.3.1  Data  bus  activity.  Only  one  data  bus  can 
be  active  at  any  given  time  except  as  specified  in 
4.6.3.2. 

4.6.3.2  Reset  data  bus  transmitter.  If  while 
operating  on  a  command,  a  terminal  receives 
another  valid  command,  from  either  data  bus,  it 
shall  reset  and  respond  to  the  new  command  on 
the  data  bus  on  which  the  new  command  is 
received.  The  terminal  shall  respond  to  the  new 
command  as  specified  in  4.3.3.8. 

These  new  paragraphs  in  1553B  reflect  the 
common  practice  in  current  aircraft  of  using  the 
dual  bus  as  one  active,  one  standby,  and  it  was 
the  intent  to  restrict  the  operation  of  a  dual  data 
bus  connected  to  terminal  to  a  "one-at-a-time" 
operation.  However,  provision  had  to  be  made  for 
a  bus  controller  to  override  one  bus  to  respond  on 
the  redundant  bus.  The  requirement  for  this  is  in 
paragraph  4.6.3.2  above,  and  the  reference  to 
paragraph  4.3.3.8  is  the  response  time 
requirement  of  a  remote  terminal  to  a  valid 
command  word. 
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10.  General.  The  following  paragraphs  in  this 
appendix  are  presented  in  order  to  discuss 
certain  aspects  of  the  standard  in  a  general 
sense.  They  are  intended  to  provide  a  user  of  the 
standard  more  insight  into  the  aspects  discussed. 

10.1  Redundancy.  It  is  intended  that  this  standard 
be  used  to  support  rather  than  to  supplant  the 
system  design  process.  However,  it  has  been 
found,  through  application  experience  in  various 
aircraft,  that  the  use  of  a  dual  standby 
redundancy  technique  is  very  desirable  for  use  in 
integrating  mission  avionics.  For  this  reason,  this 
redundancy  scheme  is  defined  in  4.6  of  this 
standard.  None  the  less,  the  system  designer 
should  utilize  this  standard  as  the  needs  of  a 
particular  application  dictate.  The  use  of 
redundancy,  the  degree  to  which  it  is 
implemented,  and  the  form  which  it  takes  must  be 
determined  on  an  individual  application  basis. 
Figures  10.1  and  10.2  illustrate  some  possible 
approaches  to  dual  redundancy.  These 
illustrations  are  not  intended  to  be  inclusive,  but 
rather  representative.  It  should  be  noted  that 
analogous  approaches  exist  for  the  triple  and 
quad  redundant  cases. 

10.2  Bus  controller.  The  bus  controller  is  a  key 
part  of  the  data  bus  system.  The  functions  of  the 
bus  controller,  in  addition  to  the  issuance  of 
commands,  must  include  the  constant 
monitoring  of  the  data  bus  and  the  traffic  on  the 
bus.  It  is  envisioned  that  most  of  the  routine 
minute  details  of  bus  monitoring  (e.g.,  parity 
checking,  terminal  non-response  time-out,  etc.) 
will  be  embodied  in  hardware,  while  the 
algorithms  for  bus  control  and  decision  making 
will  reside  in  software.  It  is  also  envisioned  that,  in 
general,  the  bus  controller  will  be  a  general 
purpose  airborne  computer  with  a  special 
input/output  (I/O)  to  interface  with  the  data  bus. 
It  is  of  extreme  importance  in  bus  controller 
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Figure  10.2  Illustration  of  possible  redundancy. 

design  that  the  bus  controller  be  readily  able  to 
accommodate  terminals  of  differing  protocol's 
and  status  word  bits  used.  Equipment  designed 
to  MIL-STD-1553A  will  be  in  use  for  a 
considerable  period  of  time;  thus,  bus  controllers 
must  be  capable  of  adjusting  to  their  differing 
needs.  It  is  also  important  to  remember  that  the 
bus  controller  will  be  the  focal  point  for  modifi- 
cation and  growth  within  the  multiplex  system, 
and  thus  the  software  must  be  written  in  such  a 
manner  as  to  permit  modification  with  relative 


Figure  10.1  Illustration  of  possible  redundancy. 
-50 


10.3  Multiplex  selection  criteria.  The  selection  of 
candidate  signals  for  multiplexing  is  a  function  of 
the  particular  application  involved,  and  criteria 
will  in  general  vary  from  system  to  system. 
Obviously,  those  signals  which  have  bandwidths 
of  400  Hz  or  less  are  prime  candidates  for 
inclusion  on  the  bus.  It  is  also  obvious  that  video, 
audio,  and  high  speed  parallel  digital  signals 
should  be  excluded.  The  area  of  questionable 
application  is  usually  between  400  Hz  and  3  kHz 
bandwidth.  The  transfer  of  these  signals  on  the 
data  bus  will  depend  heavily  upon  the  loading  of 
the  bus  in  a  particular  application.  The  decision 
must  be  based  on  projected  future  bus  needs  as 
well  as  the  current  loading.  Another  class  of 
signals  which  in  general  are  not  suitable  for 
multiplexing  are  those  which  can  be  typified  by  a 
low  rate  (over  a  mission)  but  possessing  ahigh 
priority  or  urgency.  Examples  of  such  signals 
might  be  a  nuclear  event  detector  output  or  a 
missile  launch  alarm  from  a  warning  receiver. 
Such  signals  are  usually  better  left  hardwired,  but 
they  may  be  accommodated  by  the  multiplex 
system  if  a  direct  connection  to  the  bus 
controller's  interrupt  hardware  is  used  to  trigger  a 
software  action  in  response  to  the  signal. 

10.4  High  reliability  requirements.  The  use  of 

simple  parity  for  error  detection  within  the 
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multiplex  bus  system  was  dictated  by  a 
compromise  between  the  need  for  reliable  data 
transmission,  system  overhead,  and  remote 
terminal  simplicity.  Theoretical  and  empirical 
evidence  indicated  that  an  undetected  bit  error 
rate  of  10"12  can  be  expected  from  a  practical 
multiplex  system  built  to  this  standard.  If  a 
particular  signal  requires  a  bit  error  rate  which  is 
better  than  that  provided  by  the  parity  checking, 
then  it  is  incumbent  upon  the  system  designer  to 
provide  the  reliability  within  the  constraints  of  the 
standard  or  to  not  include  this  signal  within  the 
multiplex  bus  system.  A  possible  approach  in  this 
case  would  be  to  have  the  signal  source  and  sink 
provide  appropriate  error  detection  and 
correction  encoding/decoding  and  employ  extra 
data  words  to  transfer  the  information.  Another 
approach  would  be  to  partition  the  message, 
transmit  a  portion  at  a  time,  and  then  verify  (by 
interrogation)  the  proper  transfer  of  each 


10.5  Stubbing.  Stubbing  is  the  method  wherein  a 
separate  line  is  connected  between  the  primary 
data  bus  line  and  a  terminal.  The  direct 
connection  of  stub  line  causes  a  mismatch  which 
appears  on  the  waveforms.  This  mismatch  can  be 
reduced  by  filtering  at  the  receiver  and  by  using 
bi-phase  modulation.  Stubs  are  often  employed 
not  only  as  a  convenience  in  bus  layout  but  as  a 
means  of  coupling  a  unit  to  the  line  in  such  a 
manner  that  a  fault  on  the  stub  or  terminal  will  not 
greatly  affect  the  transmission  line  operation.  In 
this  case,  a  network  is  employed  in  the  stub  line  to 
provide  isolation  from  the  fault.  These  networks 
are  also  used  for  stubs  that  are  of  such  length  that 


the  mismatch  and  reflection  degrades  bus 
operation.  The  preferred  method  of  stubbing  is  to 
use  transformer  coupled  stubs,  as  defined  in 
4.5.1.5.1.  This  method  provides  the  benefits  of 
DC  isolation,  increased  common  mode 
protection,  a  doubling  of  effective  stub 
impedance,  and  fault  isolation  for  the  entire  stub 
and  terminal.  Direct  coupled  stubs,  as  defined  in 
4.5.1.5.2  of  this  standard,  should  be  avoided  if  at 
all  possible.  Direct  coupled  stubs  provide  no  DC 
isolation  or  common  mode  rejection  for  the 
terminal  external  to  its  subsystem.  Further,  any 
shorting  fault  between  the  subsystems  internal 
isolation  resistors  (usually  on  a  circuit  board)  and 
the  main  bus  junction  will  cause  failure  of  that 
entire  bus.  It  can  be  expected  that  when  thedirect 
coupled  stub  length  exceeds  1.6  feet,  that  it  will 
begin  to  distort  the  main  bus  waveforms.  Note 
that  this  length  includes  the  cable  runs  internal  to 
a  given  subsystem. 

10.6  Use  of  broadcast  option.  The  use  of  a 

broadcast  message  as  defined  in  4.3.3.6.7  of  this 
standard  represents  a  significant  departure  from 
the  basic  philosophy  of  this  standard  in  that  it  is  a 
message  format  which  does  not  provide  positive 
closed-loop  control  of  bus  traffic.  The  system 
designer  is  strongly  encouraged  to  solve  any 
design  problems  through  the  use  of  the  three 
basic  message  formats  without  resorting  to  use 
of  the  broadcast.  If  system  designers  do  choose 
to  use  the  broadcast  command,  they  should 
carefully  consider  the  potential  effects  of  a 
missed  broadcast  message,  and  the  subsequent 
implications  for  fault  or  error  recovery  design  in 
the  remote  terminals  and  bus  controllers. 
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MIL-STD-1553B 
12  February  1980 

FOREWARD 

This  standard  contains  requirements  for  aircraft  internal  time  division 
command/response  multiplex  data  bus  techniques  which  will  be  utilized  in 
systems  integration  of  aircraft  subsystems.     Even  with  the  use  of  this 
standard,  subtle  differences  will  exist  between  multiplex  data  buses  used  on 
different  aircraft  due  to  particular  aircraft  mission  requirements  and  the 
designer  options  allowed  in  this  standard.     The  system  designer  must  recognize 
this  fact,  and  design  the  multiplex  bus  controller  hardware  and  software  to 
accommodate  such  differences.     These  designer  selected  options  must  exist,  so 
as  to  allow  the  necessary  flexibility  in  the  design  of  specific  multiplex 
systems  in  order  to  provide  for  the  control  mechanism,  architecture  redundancy, 
degradation  concept  and  traffic  patterns  peculiar  to  the  specific  aircraft 
mission  requirements.     *  Appendix  Section  20  selects  those  options  which  shall 
be  required  and  further  restricts  certain  portions  of  the  standard  for  use  in 
Air  Force  aircraft  internal  avionics  appications. 
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10.6    Use  of  broadcast  option.     The  use  of  a  broadcast  message  as  defined  in 
4.3.3.6.7  of  this  standard  represents  a  significant  departure  from  the  basic 
philosophy  of  this  standard  in  that  it  is  a  message  format  which  does  not 
provide  positive  closed-loop  control  of  bus  traffic.     The  system  designer  is 
strongly  encouraged  to  solve  any  design  problems  through  the  use  of  the  three 
basic  message  formats  without  resorting  to  use  of  the  broadcast.     If  system 
designers  do  choose  to  use  the  broadcast  command,   they  should  carefully 
consider  the  potential  effects  of  a  missed  broadcast  message,  and  the 
subsequent  implications  for  fault  or  error  recovery  design  in  the  remote 
terminals  and  bus  controllers. 

*20.     General.     This  appendix  is  applicable  to  all  U.S.  Air  Force  aircraft 
internal  avionics  activities.     The  intent  of  the  appendix  is  to  select  those 
options  which  shall  be  required  and  to  further  restrict  certain  portions  of  the 
standard  for  use  in  Air  Force  avionics.     References  in  parenthesis  are  to  the 
paragraphs  in  the  standard  that  are  affected. 

*20.1    Mode  codes.     (4.3.3.5.1.7)     The  mode  codes  for  dynamic  bus  control, 
inhibit  terminal  flag  bit,  override  inhibit  terminal  flag  bit,  selected 
transmitter  shutdown  and  override  selected  transmitter  shutdown  shall  not  be 
transmitted  on  the  data  bus  by  bus  controllers  in  Air  Force  avionics 
applications.     However,  these  mode  codes  may  be  implemented  in  a  remote  terminal 
for  Air  Force  avionics  applications. 

*20.2    Broadcast  command.     (4.3.3.6.7)     The  broadcast  command  shall  not  be 
transmitted  on  the  data  bus  by  bus  controllers  in  Air  Force  avionics 
applications.     However,  this  message  format  may  be  implemented  in  remote 
terminals.     If  the  broadcast  message  format  is  implemented  in  a  remote 
terminal,  then  that  terminal  shall  also  implement  the  transmit  status  word  mode 
code  as  specified  in  4.3.3.5.1.7.3.     Note  that  the  remote  terminal  address  of 
11111  is  still  reserved  for  broadcast,  and  shall  not  be  used  for  any  other 
purpose  in  Air  Force  Avionics  applications. 

*20.3    Mode  code  indicators. 

*20.3.1    Bus  controllers.     (4.4.2)     In  Air  Force  avionics  applications,  the  bus 
controller  shall  be  able  to  utilize  both  00000  and  11111  in  the  subaddress/mode 
field  as  defined  in  4.3.3.5.1.7.     In  addition,  if  a  bus  controller  is  required 
to  utilize  any  mode  code  in  its  operation,  then  it  shall  be  required  to 
implement  the  capacity  to  utilize  all  mode  codes. 

*20.3.2    Remote  terminals.     (4.4.3.1)     All  RT's  which  are  designed  for  Air  Force 
avionics  applications,  and  which  implement  mode  codes,  shall  respond  properly 
to  a  mode  code  command,  as  defined  in  4.3.3.5.1.7,  with  00000  in  the 
subaddress/mode  field.     In  addition,  such  RT's  may  also  respond  to  11111  in  the 
subaddress/mode  field  as  a  designer  option.     See  section  20.8.1  for  design 
consideration  relating  to  the  11111  mode  code  indicator. 
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*20.4     Data  bus  cable. 

* 20. 4.1     Shielding.     (4.5.1.1)     The  cable  shield  shall  provide  a  minimum  of  90.0 
percent  coverage. 

*20.4.2  Characteristic  impedance.     (4.5.1.2)     The  actual  (not  nominal) 
characteristic  impedance  shall  be  within  the  range  of  70.0  Ohms  to  85.0  Ohms  at 
a  sinusoidal  frequency  of  1.0  megahertz  (MHz). 

*20.5    Cable  coupling.     (4.5.1.5.1.3)     For  Air  Force  avionics  applications,  the 
continuous  shielding  shall  provide  a  minimum  of  90.0  percent  coverage. 

*20.6    Direct  coupled  stubs.     (4.5.1.5.2)     Direct  coupled  studs  shall  not  be 
utilized  in  Air  Force  avionics  applications. 

*20.7    Redundant  data  bus  requirements.     (4.6)     Dual  standby  redundant  data 
buses  as  defined  in  4.6.3  shall  be  utilized.     There  may  be  more  than  two  data 
buses  utilized  but  the  buses  must  operate  in  dual  redundant  data  bus  pairs. 
4.6.1  and  4.6.2  shall  also  apply. 

*20.8    Design  considerations.     Avionics  designed  for  Air  Forces  applications  may 
be  required  to  interface  to  existing  avionics  systems  which  were  designed  to 
preceding  versions  of  the  standard  (e.g.,  the  F-16  avionics  suite).     In  this 
case,  downward  compatibility  problems  between  the  new  avionics  and  the  existing 
system  can  be  minimized  through  the  consideration  of  three  key  items: 

*20.8.1    Mode  code  indicator.     In  some  existing  systems,  such  as  the  F-16,  the 
bus  controller  uses  11111  to  indicate  a  mode  code  command.     The  designer  may 
wish  to  implement  the  capability  in  the  new  avionics  to  respond  to  11111  mode 
code  commands,  in  addition  to  the  required  capability  for  00000  mode  code 
commands. 

*20.8.2    Clock  stability.     Since  this  version  of  the  standard  relaxed  the 
transmission  bit  rate  stability  requirements  (4.3.3.3),  the  avionics  designer 
may  wish  to  return  to  the  stability  requirements  of  the  preceding  version  of 
the  standard.     The  previous  requirements  were  ±0.01  percent  long  term  and 
±0.001  percent  short  term  stability. 

*20.8.3    Response  time.     This  version  of  the  standard  also  expanded  the  maximum 
response  time  to  12.0  microseconds  (4.3.3.8).     The  designer  may  also  wish  to 
return  to  the  previous  maximum  response  time  of  7.0  microseconds  as  defined  in 
4.3.3.8  of  this  version  of  the  standard. 


35 


\}?£££?£JlfXiFm  MIL-STD-1553  DESIGNER'S  GUIDE 
CORPORATION   —  —  


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 


m-8 


IV. 

NOTICE  II 


ILC  DATA  DEVICE 
CORPORATION   


MIL-STD-1553  DESIGNER'S  GUIDE 


CHANGE  NOTICES  ARE  NOT  CUMULATIVE 
AND  SHALL  BE  RETAINED  UNTIL  SUCH 
TIME  AS  THE  ENTIRE  STANDARD  IS 
REVISED. 


MIL-STD-1553B 
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MILITARY  STANDARD 

DIGITAL  TIME  DIVISION 
COMMAND/RESPONSE  MULTIPLEX  DATA  BUS 

TO  ALL  HOLDERS  OF  MIL-STD-1 553B: 
1  .     MAKE  THE  FOLLOWING  PEN  AND  INK  CHANGES : 

Page  i 

Delete  title  and  substitute:  "DIGITAL  TIME  DIVISION  COMMAND/RESPONSE  MULTIPLEX 
DATA  BUS* . 

Page  ii 

Delete  title  and  substitute:  "Digital  Time  Division  Command/Response  Multiplex 
Data  Bus". 

Page  1 

Paragraph  1.1,  second  line:     Delete  "on  aircraft". 

Paragraph  1.2,  third  line:     Delete  "an  aircraft"  and  substitute  "a". 

Page  3 

Paragraph  3.11,  first  line,  after  "Bus  controller":     Insert  "(BC)". 
Paragraph  3.12,  first  line,  after  "Bus  monitor":    Insert  "(BM)". 

Page  21 

Paragraph  4.4.3.1,  add:     "No  combination  of  RT  address  bits,  T/R  bit, 
subaddress/mode  bits,  and  data  word  count/mode  code  bits  of  a  command  word 
shall  result  in  invalid  transmissions  by  the  RT.    Subsequent  valid  commands 
shall  be  properly  responded  to  by  the  RT." 

Page  30 

Paragraph  4.6.3.2,  first  line:     Delete  "Reset  data -bus  transmitter"  and 
substitute  "Superseding  valid  commands". 

Paragraph  4.6.3.2,  second  line:    Delete  'from  either  data  bus"  and  substitute 
"from  the  other  data  bus". 

Page  31 

Paragraph  10.2,  eighth  line:    Delete  "airborne". 
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FOREWORD 

This  standard  contains  requirements  for  a  digital  time  division  command/ 
response  multiplex  data  bus  for  use  in  systems  integration.     Even  with  the  use 
of  this  standard,  differences  may  exist  between  multiplex  data  buses  in  dif- 
ferent system  applications  due  to  particular  application  requirements  and  the 
designer  options  allowed  in  this  standard.     The  system  designer  must  recognize 
this  fact  and  design  the  multiplex  bus  controller  hardware  and  software  to 
accommodate  such  differences.     These  designer  selected  options  must  exist  to 
allow  the  necessary  flexibility  in  the  design  of  specific  multiplex  systems  in 
order  to  provide  for  the  control  mechanism,  architectural  redundancy,  degrada- 
tion concept  and  traffic  patterns  peculiar  to  the  specific  application  require- 
ments.    Appendix,  Section  30  selects  those  options  which  shall  be  required  and 
further  restricts  certain  portions  of  the  standard  for  the  use  in  all  dual 
standby  redundant  applications  for  the  Army,  Navy,  and  Air  Force. 
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10.3  Multiplex  selection  criteria.     The  selection  of  candidate  signals  for 
multiplexing  is  a  function  of  the  particular  application  involved,  and  criteria 
will  in  general  vary  from  system  to  system.     Obviously,  those  signals  which 
have  bandwidths  of  400  Hz  or  less  are  prime  candidates  for  inclusion  on  the 
bus.     It  is  also  obvious  that  video,  audio,  and  high  speed  parallel  digital 
signals  should  be  excluded.     The  area  of  questionable  application  is  usually 
between  400  Hz  and  3KHz  bandwidth.     The  transfer  of  these  signals  on  the  data 
bus  will  depend  heavily  upon  the  loading  of  the  bus  in  a  particular  applica- 
tion.    The  decision  must  be  based  on  projected  future  bus  needs  as  well  as  the 
current  loading.    Another  class  of  signals  which  in  general  are  not  suitable 
for  multiplexing  are  those  which  can  be  typified  by  a  low  rate  (over  a  mission) 
but  possessing  a  high  priority  or  urgency.     Examples  of  such  signals  might  be  a 
nuclear  event  detector  output  or  a  missile  launch  alarm  from  a  warning 
receiver.     Such  signals  axe  usually  better  left  hardwired,  but  they  may  be 
accommodated  by  the  multiplex  system  if  a  direct  connection  to  the  bus 
controller's  interrupt  hardware  is  used  to  trigger  a  software  action  in 
response  to  the  signal. 

10.4  High  reliability  requirements.     The  use  of  simple  parity  for  error 
detection  within  the  multiplex  bus  system  was  dictated  by  a  compromise  between 
the  need  for  reliable  data  transmission,  system  overhead,  and  remote  terminal 
simplicity.     Theoretical  and  empirical  evidence  indicates  that  an  undetected 
bit  error  rate  of  10"' 2  can  be  expected  from  a  practical  multiplex  system  built 
to  this  standard.     If  a  particular  signal  requires  a  bit  error  rate  which  is 
better  than  that  provided  by  the  parity  checking,  then  it  is  incumbent  upon  the 
system  designer  to  provide  the  reliability  within  the  constraints  of  the 
standard  or  to  not  include  this  signal  within  the  multiplex  bus  system.  A 
possible  approach  in  this  case  would  be  to  have  the  signal  source  and  sink 
provide  appropriate  error  detection  and  correction  encoding/decoding  and  employ 
extra  data  words  to  transfer  the  information.     Another  approach  would  be  to 
partition  the  message,  transmit  a  portion  at  a  time,  and  then  verify  (by 
interrogation)  the  proper  transfer  of  each  segment. 

10.5  Stubbing .     Stubbing  is  the  method  wherein  a  separate  line  i3  connected 
between  the  primary  data  bus  line  and  a  terminal.     The  direct  connection  of  a 
stub  line  causes  a  mismatch  which  appears  on  the  waveforms.     This  mismatch  can 
be  reduced  by  filtering  at  the  receiver  and  by  using  bi-phase  modulation. 
Stubs  are  often  employed  not  only  as  a  convenience  in  bus  layout  but  as  a  means 
of  coupling  a  unit  to  the  line  in  such  a  manner  that  a  fault  on  the  stub  or 
terminal  will  not  greatly  affect  the  transmission  line  operation.     In  this 
case,  a  network  is  employed  in  the  stub  line  to  provide  isolation  from  the 
fault.     These  networks  are  also  used  for  stubs  that  are  of  such  length  that  the 
mismatch  and  reflection  degrades  bus  operation.     The  preferred  method  of 
stubbing  is  to  use  transformer  coupled  stubs,  as  defined  in  4.5.1.5.1.  This 
method  provides  the  benefits  of  DC  isolation,  increased  common  mode  protection, 
a  doubling  of  effective  stub  impedance,  and  fault  isolation  for  the  entire  stub 
and  terminal.     Direct  coupled  stubs,  as  defined  in  4.5.1.5.2  of  this  standard, 
should  be  avoided  if  at  all  possible.    Direct  coupled  stubs  provide  no  DC 
isolation  or  common  mode  rejection  for  the  terminal  external  to  its  subsystem. 
Further,  any  shorting  fault  between  the  subsystems  internal  isolation  resistors 
(usually  on  a  circuit  board)  and  the  main  bus  junction  will  cause  failure  of 
that  entire  bus.     It  can  be  expected  that  when  the  direct  coupled  stub  length 
exceeds  1.6  feet,  that  it  will  begin  to  distort  the  main  bus  waveforms.  Note 
that  this  length  includes  the  cable  runs  internal  to  a  given  subsystem. 
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*  10.6    Use  of  broadcast  option.     The  use  of  a  broadcast  message  as  defined  in 
4.3.3.6.7  of  this  standard  represents  a  significant  departure  from  the  basic 
philosophy  of  this  standard  in  that  it  is  a  message  format  which  does  not 
provide  positive  closed-loop  control  of  bus  traffic.     The  system  designer  is 
strongly  encouraged  to  solve  any  design  problems  through  the  use  of  the  three 
basic  message  formats  without  resorting  to  use  of  the  broadcast  option.  If 
system  designers  do  choose  to  use  the  broadcast  command,  they  should  carefully 
consider  the  potential  effects  of  a  missed  broadcast  message,  and  the  sub- 
sequent implications  for  fault  or  error  recovery  design  in  the  remote  ter- 
minals and  bus  controllers. 

*  10.7    Other  related  documents.     Several  documents  exist  which  are  related  to 
this  standard.    MIL-HDBK-1 553  describes  implementation  practices  for  this  stan- 
dard and  other  related  data.     This  standard  is  embodied  in  or  referenced  by  the 
following  international  documents:     NATO  STANAG  3838,  ASCC  Air  Standard  50/2, 
and  UK  DEF  STAN  00-18   (PART  2)/Issue  1. 

*  20.     REFERENCED  DOCUMENTS 
Not  applicable. 

*  30.     GENERAL  REQUIREMENTS 

*  30.1     Option  selection.     This  section  of  the  appendix  shall  select  those 
options  required  to  further  define  portions  of  the  standard  to  enhance  tri- 
service  interoperability.     References  in  parentheses  are  to  paragraphs  in  this 
standard  which  are  affected. 

*  30.2    Application.     Section  30  of  this  appendix  shall  apply  to  all  dual  standby 
redundant  applications  for  the  Army,  Navy,  and  Air  Force.     All  Air  Force 
aircraft  internal  avionics  applications  shall  be  dual  standby  redundant,  except 
where  safety  critical  or  flight  critical  requirements  dictate  a  higher  level 

of  redundancy. 

*  30.3    Unique  address  (4.3.3.5.1.2).     All  remote  terminals  shall  be  capable  of 
being  assigned  any  unique  address  from  decimal  address  0  (00000)  through 
decimal  address  30  (11110).     The  address  shall  be  established  through  an  exter- 
nal connector,  which  is  part  of  the  system  wiring  and  connects  to  the  remote 
terminal.     Changing  the  unique  address  of  a  remote  terminal  shall  not  require 
the  physical  modification  or  manipulation  of  any  part  of  the  remote  terminal. 
The  remote  terminal  shall,  as  a  minimum,  determine  and  validate  its  address 
during  power-up  conditions.     No  single  point  failure  shall  cause  a  terminal 

to  validate  a  false  address.     The  remote  terminal  shall  not  respond  to  any 
messages  if  it  has  determined  it3  unique  address  is  not  valid. 


Supersedes  page  34  dated  12  February  1980. 
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*  30.4    Mode  codes  (4.3.3.5.1.7) 

*  30.4.1  Subaddres3/mode  (4.3.3.5.1.4).     An  RT  shall  have  the  capability  to 
respond  to  mode  codes  with  both  subaddress/mode  of  00000  and  11111.  Bus 
controllers  shall  have  the  capability  to  issue  mode  commands  with  both 
subaddress/mode  of  00000  and  11111.     The  subaddress/mode  of  00000  and  11111 
shall  not  convey  different  information. 

*  30.4.2     Required  mode  codes  (4.3.3.5.1.7) 

*  30.4.2.1     Remote  terminal  required  mode  codes.     An  RT  shall  implement  the 
following  mode  codes  aa  a  minimum: 


*  30.4.2.2    Bus  controller  required  mode  codes.     The  bus  controller  shall  have 
the  capability  to  implement  all  of  the  mode  codes  as  defined  in  4.3.3.5.1.7. 
For  Air  Force  applications,  the  dynamic  bus  control  mode  command  shall  never  be 
issued  by  the  bus  controller. 

*  30.4.3     Reset  remote  terminal   (4.3.3.5.1.7.9).     An  RT  receiving  the  reset 
remote  terminal  mode  code  shall  respond  with  a  status  word  as  specified  in 
4.3.3.5.1.7.9  and  then  reset.     While  the  RT  is  being  reset,   the  RT  shall 
respond  to  a  valid  command  with  any  of  the  following:     no  response  on  either 
data  bus,  status  word  transmitted  with  the  busy  bit  set,  or  normal  response. 

If  any  data  is  transmitted  from  the  RT  while  it  is  being  reset,  the  information 
content  of  the  data  shall  be  valid.     An ' RT  receiving  this  mode  code  shall 
complete  the  reset  function  within  5.0  milliseconds  following  transmission  of 
the  status  word  specified  in  4.3.3.5.1.7.9.     The  time  shall  be  measured  from 
the  mid-bit  zero  crossing  of  the  parity  bit  of  the  status  word  to  the  mid-sync 
zero  crossing  of  the  command  word  at  point  A  on  figures  9  and  10. 

*  30.4.4     Initiate  RT  self  test  (4.3.3.5.1.7.4).     If  the  initiate  self  test  mode 
command  is  implemented  in  the  RT,  then  the  RT  receiving  the  initiate  self  test 
mode  code  shall  respond  with  a  status  word  as  specified  in  4.3.3.5.1.7.4  and 
then  initiate  the  RT  self  test  function.  Subsequent  valid  commands  may  terminate 
the  self-test  function.     While  the  RT  self  test  is  in  progress,  the  RT  shall 
respond  to  a  valid  command  with  any  of  the  following:     no  response  on  either 
data  bus,  status  word  transmitted  with  the  busy  bit  set,  or  normal  response. 

If  any  data  is  transmitted  from  the  RT  while  it  is  in  self  test,  the  information 
content  of  the  data  shall  be  valid.     An  RT  receiving  this  mode  code  shall  com- 
plete the  self  test  function  and  have  the  results  of  the  self  test  available 
within  100.0  milliseconds  following  transmission  of  the  status  word  specified  in 
4.3.3.5.1.7.4.     The  time  shall  be  measured  from  the  mid-bit  zero  crossing  of  the 
parity  bit  of  the  status  word  to  the  mid-sync  zero  crossing  of  the  command  word 
at  point  A  on  figures  9  and  10. 

Supersedes  page  35  dated  12  February  1980. 


Mode  Code 


Function 


00010 
00100 
00101 
01000 


Transmit  status  word 
Transmitter  shutdown 


Override  transmitter  shutdown 
Reset  remote  terminal 
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*  30.5    Status  word  bits  (4.3.3.5.3) 

30.5.1     Information  content.     The  status  word  transmitted  by  an  RT  shall 
contain  valid  information  at  all  times,  e.g.,  following  RT  power  up,  during 
initialization,  and  during  normal  operation. 

*  30.5.2    Status  bit  requirements  (4.3.3.5.3).     An  RT  shall  implement  the  status 
bits  as  follows: 

Message  error  bit  (4.3.3.5.3.3)  -  Required 

Instrumentation  bit  (4.3.3.5.3.4)  -  Always  logic  zero 

Service  request  bit  (4.3.3.5.3.5)  -  Optional 

Reserved  status  bits  (4.3.3.5.3.6)  -  Always  logic  zero 

Broadcast  command  received  bit  (4.3.3.5.3.7)  -  If  the  RT  implements  the 
broadcast  option,  then  this  bit  shall  be  required. 

Busy  bit  (4.3.3.5.3.8)  -  As  required  by  30.5.3 

Subsystem  flag  bit  (4.3.3.5.3.9)  -  If  an  associated  subsystem  has  the 
capability  for  self  test,  then  this  bit  shall  be  required. 

Dynamic  bus  control  acceptance  bit  (4.3.3.5.3.10)  -  If  the  RT  implements 
the  dynamic  bus  control  function,  then  this  bit  shall  be  required. 

Terminal  flag  bit  (4.3.3.5.3.11)  -  If  an  RT  has  the  capability  for  self 
test,  then  this  bit  shall  be  required. 

*  30.5.3    Busy  bit  (4.3.3.5.3.8).     The  existence  of  busy  conditions  is 
discouraged.     However,  any  busy  condition,  in  the  RT  or  the  subsystem  interface 
that  would  affect  communication  over  the  bus  shall  be  conveyed  via  the  busy 
bit.     Busy  conditions,  and  thus  the  setting  of  the  busy  bit,  shall  occur  only 
as  a  result  of  particular  commands/messages  sent  to  an  RT.     Thus  for  a  non- 
failed  RT,  the  bus  controller  can,  with  prior  knowledge  of  the  remote  terminal 
characteristics,  determine  when  the  remote  terminal  can  become  busy  and  when  it 
will  not  be  busy.    However,  the  RT  may  also  set  the  busy  bit  (in  addition  to 
setting  the  terminal  flag  bit  or  subsystem  flag  bit)  as  a  result  of  failure/ 
fault  conditions  within  the  RT/subsystem. 

*  30.6    Broadcast  (4.3.3.6.7).     The  only  broadcast  commands  allowed  to  be 
transmitted  on  the  data  bus  by  the  bus  controller  shall  be  the  broadcast  mode 
commands  identified  in  table  1.     The  broadcast  option  may  be  implemented  in 
remote  terminals.     However,  if  implemented,  the  RT  shall  be  capable  of 
distinguishing  between  a  broadcast  and  a  non-broadcast  message  to  the  same 
subaddress  for  non-mode  command  messages.     The  RT  address  of  11111  is  still 
reserved  for  broadcast  and  shall  not  be  used  for  any  other  purpose. 
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*  30.7    Data  wrap-around  (4.3.3.5.1.4).     Remote  terminals  shall  provide  a 
receive  subaddress  to  which  one  to  N  data  words  of  any  bit  pattern  can  be 
received.     Remote  terminals  shall  provide  a  transmit  subaddress  from  which  a 
minimum  of  N  data  words  can  be  transmitted.     N  is  equal  to  the  maximum  word 
count  from  the  set  of  all  messages  defined  for  the  RT.     A  valid  receive  message 
to  the  data  wrap-around  receive  subaddress  followed  by  a  valid  transmit  command 
to  the  data  wrap-around  transmit  subaddress,  with  the  same  word  count  and 
without  any  intervening  valid  commands  to  that  RT,  shall  cause  the  RT  to 
respond  with  each  data  word  having  the  same  bit  pattern  as  the  corresponding 
received  data  word.     A  data  wrap-around  receive  and  transmit  subaddress  of  30 
(11110)  is  desired. 

*  30.8    Message  formats  (4.3.3.6).    Remote  terminals  shall,  as  a  minimum, 
implement  the  following  non-broadcast  message  formats  as  defined  in  4.3.3.6: 
RT  to  BC  transfers,  BC  to  RT  transfers,  RT  to  RT  transfers  (receive  and 
transmit),  and  mode  command  without  data  word  transfers.     For  non-broadcast 
messages,  the  RT  shall  not  distinguish  between  data  received  during  a  BC  to 
RT  transfer  or  data  received  during  a  RT  to  RT  transfer  (receive)  to  the  same 
subaddress.     The  RT  shall  not  distinguish  between  data  to  be  transmitted 
during  an  RT  to  BC  transfer  or  data  to  be  transmitted  during  an  RT  to  RT 
transfer  (transmit)  from  the  same  subaddress.     Bus  controllers  shall  have  the 
capability  to  issue  all  message  formats  defined  in  4.3.3.6. 

*  30.9    RT  to  RT  validation  (4.3.3.9).     For  RT  to  RT  transfers,  in  addition  to  the 
validation  criteria  specified  in  4.4.3.6,  if  a  valid  receive  command  is  received 
by  the  RT  and  the  first  data  word  is  received  after  57.0  plus  or  minus  3.0 
microseconds,  the  RT  shall  consider  the  message  invalid  and  respond  as  specified 
in  4.4.3.6.     The  time  shall  be  measured  from  the  mid-bit  zero  crossing  of  the 
parity  bit  of  the  receive  command  to  the  mid-sync  zero  crossing  of  the  first 
expected  data  word  at  point  A  as  shown  on  figures  9  and  10.     It  is  recommended 
that  the  receiving  RT  of  an  RT  to  RT  transfer  verify  the  proper  occurrence  of 
the  transmit  command  word  and  status  word  as  specified  in  4.3.3.6.3. 

*  30.10    Electrical  characteristics  (4.5) 

*  30.10.1    Cable  shielding  (4.5.1.1).     The  cable  shield  shall  provide  a  minimum  of 
90.0  percent  coverage. 

*  30.10.2    Shielding  (4.5.1).     All  cable  to  connector  junctions,  cable  ter- 
minations, and  bus-stub  junctions  shall  have  continuous  360  degree  shielding 
which  shall  provide  a  minimum  of  75.0  percent  coverage. 

*  30.10.3    Connector  polarity.     For  applications  that  use  concentric  connectors 
or  inserts  for  each  bus,  the  center  pin  of  the  connector  or  insert  shall  be 
used  for  the  high  (positive)  Manchester  bi-phase  signal.     The  inner  ring  shall 
be  used  for  the  low  (negative)  Manchester  bi-phase  signal. 

*  30.10.4    Characteristic  impedance  (4.5.1.2).     The  actual  (not  nominal)  charac- 
teristic impedance  of  the  data  bus  cable  shall  be  within  the  range  of  70.0  ohms 
to  85.0  ohms  at  a  sinusoidal  frequency  of  1.0  megahertz. 
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*  30.10.5    Stub  coupling  (4.5.1.5).     For  Navy  applications,  each  terminal  shall 
have  both  transformer  and  direct  coupled  stub  connections  externally  available. 
For  Navy  systems  using  these  terminals,  either  transformer  or  direct  coupled 
connections  may  be  used.    For  Army  and  Air  Force  applications,  each  terminal 
shall  have  transformer  coupled  stub  connections,  but  may  also  have  direct 
coupled  stub  connections.     For  Army  and  Air  Force  systems,  only  transformer 
coupled  stub  connections  shall  be  used.    Unused  terminal  connections  shall 
have  a  minimum  of  75  percent  shielding  coverage. 

*  30.10.6    Power  on/off  noise.    A  terminal  shall  limit  any  spurious  output  during 
a  power-up  or  power-down  sequence.    The  maximum  allowable  output  noise  ampli- 
tude shall  be  +250  mV  peak,  line-to-line  for  transformer  coupled  stubs  and 

+90  mV  peak,  line-to-line  for  direct  coupled  stubs,  measured  at  point  A  of 
figure  12. 
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1.  SCOPE: 

This  test  plan  1s  broken  Into  two  major  sections  for  the  production  testing 
of  remote  terminals:    Electrical  and  Protocol. 

1.1  General :    This  production  test  plan  defines  the  test  requirements  for 
verifying  that  Remote  Terminals  meet  the  requirements  of  MIL-STD-1 553B, 
"Digital  Time  Division  Command /Response  Multiplex  Data  Bus." 

1.2  Appl Icatlon:    This  1s  a  general  test  plan  for  any  remote  terminal  designed 
to  meet  the  requirements  of  MIL-STD-1 553B.    These  requirements  shall  apply 
to  the  remote  terminal  under  test,  when  Invoked  1n  a  specification  or 
statement  of  work. 

Tests  specified  may  be  performed  1n  any  order,  combined  with  one  another  or 
combined  with  other  tests  of  the  subsystem  In  which  the  Remote  Terminal  may 
be  embedded. 

The  Remote  Terminal  which  1s  under  test  must  also  have  Its  design  validated 
per  the  "Validation  Test  Plan  for  the  Digital  Time  Division  Command /Response 
Multiplex  Data  Bus  Remote  Terminals." 

The  tests  specified  are  to  be  used  1n  production  test  of  a  remote  terminal 
chip,  module  or  function  within  an  equipment.    It  1s  Intended  that  all 
stimuli  and  measurements  be  made  via  external  connections  and/or  test 
points.    No  required  access  to  any  other  points  Is  Intended. 

Special  requirements  such  as  those  needed  to  meet  armament  bus  requirements 
when  specified  1n  the  Individual  equipment  specification  may,  when  within 
1553B  requirements,  replace  values  or  tolerances  specified  1n  this  test  plan 
for  the  purpose  of  generating  a  UUT  production  test  procedure. 

2.  APPLICABLE  DOCUMENTS: 

2.1  Standards.  Military:    MIL-STD-1 553B,  21  Sep  1978,  "Aircraft  Internal  Time 
Division  Command /Response  Multiplex  Data  Bus"  with  Notice  2,  8  September 
1986. 

2.2  Other  Documents:    MIL-HDBK-1 553,  Notice  1,  24  September  1986  "Validation 
Test  Plan  for  the  Digital  Time  Division  Command/Response  Multiplex  Data  Bus 
Remote  Terminals." 

3.  DEFINITIONS: 

3.1    Responses:    The  following  are  definitions  of  the  responses  of  the  RT  as  used 
In  this  test  plan.    In  each  case,  the  status  word  must  have  the  correct 
terminal  address  and  unused  status  bits  set  to  zero. 

3.1.1  BCR  -  Broadcast  Command  Received:    The  broadcast  command  received  bit  (bit 
time  15)  1s  set  In  status  word. 

3.1.2  BUSY  -  Busy:    The  busy  bit  (bit  time  16)  Is  set  1n  the  status  word. 
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3.1.3  CS  -  Clear  Status:    The  status  word  may  have  the  busy  bit  or  service 
request  bit  set,  or  both.    All  other  status  code  bits  in  the  status  word 
must  be  zero  and  the  associated  message  must  have  the  proper  word  count. 

3.1.4  DBA  -  Dynamic  Bus  Acceptance:    The  dynamic  bus  control  acceptance  bit  (bit 
time  18)  is  set  in  the  status  word. 

3.1.5  ME  -  Message  Error:    The  message  error  bit  (bit  time  9)  is  set  In  the 
status  word. 

3.1.6  NR  -  No  Response:    The  addressed  terminal  does  not  produce  any  response  to 
the  command. 

3.1.7  Respond  in  Form:    A  terminal  is  said  to  "respond  in  form"  If  its  response 
to  an  illegal  command  as  defined  in  4.4.3.4  of  MIL-STD-1 553B  consists  of  a 
response  formatted  as  though  it  were  a  legal  command. 

3.1.8  SF  -  Subsystem  Flag:    The  subsystem  flag  bit  (bit  time  17)  is  set  in  the 
status  word. 

3.1.9  TF  -  Terminal  Flag:    The  terminal  flag  bit  (bit  time  19)  is  set  1n  the 
status  word. 

3.2    Other  Definitions: 

3.2.1  UUT  -  Unit  Under  Test. 

3.2.2  RT  -  Remote  Terminal. 

3.2.3  BC  -  Bus  Controller. 

4.    GENERAL  TEST  REQUIREMENTS: 

The  following  paragraphs  define  the  configurations,  pass/fall  criteria,  and 
general  procedures  for  testing  remote  terminals.    Specifically,  this  document 
contains  the  test  configurations  and  procedures  for  the  Electrical  Tests 
(5.1)  and  the  Protocol  Tests  (5.2)  for  MIL-STD-1 553B  remote  terminals.  The 
remote  terminal  under  test  Is  referred  to  as  the  unit  under  test  (UUT). 
Proper  terminal  responses  are  defined  in  each  test  paragraph. 
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4.1    General  Monitoring  Requirements:    In  addition  to  the  specific  tests  that 
follow,  certain  RT  parameters  must  be  continuously  monitored  throughout  all 
tests.    These  parameters  are: 

1 .  response  time 

2.  contiguous  data 

3.  proper  Manchester  encoding 

4.  proper  bit  count 

5.  odd  parity 

6.  proper  word  count 

7.  proper  terminal  address  in  the  status  word 

8.  reserved  status  and  Instrumentation  bits  in  the  status  word  are  set  to 
zero 

9.  proper  sync 

The  UUT  shall  have  failed  the  test  if  at  any  time  during  the  test  any  of 
these  parameters  fall  to  meet  the  requirements  of  MIL-STD-1 553B. 

5.    DETAILED  REQUIREMENTS: 

5.1    Electrical  Tests:    All  tests  shall  use  Fig.  1,  General  Test  Configuration, 
with  all  measurements  taken  at  point  "A",  unless  otherwise  noted.    Each  test 
paragraph  contains  the  requirements  for  both  transformer  and  direct  coupled 
stubs.    A  UUT  which  provides  both  transformer  and  direct  coupled  stubs  must 
be  tested  on  both  stubs.    Electrical  tests  shall  be  performed  on  all  buses 
for  UUTs  with  redundant  bus  configurations. 

5.1.1    Output  Characteristics:    The  following  tests  are  designed  to  verify  that 
all  UUT  output  characteristics  comply  with  MIL-STD-1553B.    These  tests 
shall  be  performed  after  establishing  communications  between  the  test 
equipment  and  the  UUT. 

If  necessary,  use  the  Optional  Test  Configuration,  Fig.  2,  1n  order  to 
Isolate  the  UUT  output  from  any  reactive  load  presented  by  the  Tester. 

5.1.1.1  Ampl 1 tude :    A  valid,  legal  transmit  command  shall  be  transmitted  to  the 
UUT,  requesting  the  maximum  number  of  words  that  it  is  capable  of 
sending.    The  amplitude  of  the  waveform  transmitted  by  the  UUT  shall  be 
measured,  peak-to-peak,  as  shown  in  Fig.  3.    The  pass  criteria  for  Vpp 
for  transformer  coupled  stubs  shall  be  18.0  V  minimum  and  27.0  V 
maximum.    The  pass  criteria  for  Vpp  for  direct  coupled  stubs  shall  be 
6.0  V  minimum  and  9.0  V  maximum. 

5.1.1.2  Rise  and  Fall  Times:    A  valid,  legal  transmit  command  shall  be  sent  to 
the  UUT,  requesting  at  least  one  data  word.    The  rise  and  fall  time  of 
the  UUT  waveform  shall  be  measured  between  the  10  and  90%  points  of  the 
waveform  as  shown  in  Fig.  3.    The  measurements  shall  be  taken  at  both 
the  rising  and  falling  edges  of  a  sync  waveform  and  a  data  bit 
waveform.    The  rise  time  (Tr)  and  the  fall  time  (Tp)  shall  be 
measured.    The  pass  criteria  shall  be  100  ns  <  =  Tr  <  =  300  ns  and 

100  ns  <  =  Tp  <  =  300  ns. 
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5.1.1.2  (Continued): 

Note:    The  rise  time  of  the  sync  waveform  shall  be  measured  at  the 
mid-crossing  of  a  data  word  sync,  and  the  fall  time  of  the  sync  waveform 
shall  be  measured  at  the  mid-crossing  of  the  status  word  sync.    The  rise 
and  fall  times  of  the  data  bit  waveform  shall  be  measured  at  a  zero 
crossing  where  the  prior  zero  crossing  and  next  zero  crossing  are  at 
500  ns  intervals  from  the  measured  zero  crossing. 

5.1.1.3  Zero  Crossing  Stability:    Selected  valid  legal  transmit  commands  shall 
be  sent  to  the  (JUT,  requesting  the  UUT  to  transmit  words  having  zero 
crossing  time  intervals  of  500,  1000,  1500  and  2000  ns.    The  zero 
crossing  time  (T^rj)  shall  be  measured  for  both  the  positive  to 
negative  and  the  negative  to  positive  waveforms  as  shown  in  Fig.  4.  The 
pass  criteria  shall  be  that  T^c  =  500  +  25,  1000  +  25,  1500  +  25  and 
2000  ±25  ns. 

5.1.1.4  Distortion.  Overshoot  and  Ringing:    A  valid  legal  transmit  command  shall 
be  sent  to  the  UUT,  requesting  the  UUT  to  transmit  at  least  one  data 
word.    The  distortion  of  the  waveform,  distortion  voltage  (Vp) ,  shall 

be  measured  as  indicated  in  Fig.  3.  Pass  criterion  shall  be  Vp,  <  = 
900  mV,  for  transformer  coupled  stubs  and  Vn,  <  =  300  mV,  for  direct 
coupled  stubs. 

5.1.1.5  Output  Symmetry:    A  valid  legal  transmit  command  shall  be  sent  to  the 
UUT  requesting  the  maximum  number  of  data  words  that  the  UUT  is  capable 
of  transmitting.    The  output  symmetry  Is  determined  by  measuring  the 
waveform  tail-off  at  the  end  of  each  message.    The  maximum  residual 
voltage  (Vr)  shall  be  measured  as  shown  1n  Fig.  3.    The  intermessage 
gap  time  shall  be  a  minimum  of  1  ms.    The  pass  criterion  shall  be 

Vr  <  =  250  mV  peak  for  transformer  coupled  stubs  and  Vr  <  = 
90  mV  peak  for  direct  coupled  stubs  after  time  Jj  (the  time  beginning 
2.5  ms  after  the  mid-bit  zero  crossing  of  the  last  parity  bit).  This 
test  shall  be  run  six  times  with  each  data  word  In  the  message  having 
the  same  bit  pattern. 

The  six  data  word  patterns  that  shall  be  used  are: 

8000(HEX),  7FFF( HEX) ,  0000(HEX),  FFFF(HEX), 
5555(HEX),  and  AAAA(HEX) 

Note:    For  terminals  that  cannot  transmit  data  words,  the  output 
symmetry  test  shall  be  performed  on  the  status  word  response  to  a 
receive  command  or  mode  command. 

5.1.1.6  Output  Noise:    The  test  configuration  shown  in  Fig.  5  shall  be  used  to 
test  the  UUT  inactive  bus  output  noise  levels.    The  test  shall  be 
conducted  while  the  UUT  1s  in  the  power-on  receive  state.    The  output 
noise  (Vrms)  shall  be  measured  at  point  "A"  as  shown  in  Fig.  5. 
Measurements  shall  be  made  with  an  instrument  that  has  a  minimum 
frequency  bandwidth  of  from  DC  to  10  MHz.    The  pass  criterion  shall  be 
Vrms  <  =  14  mV  for  transformer  coupled  stubs  and  Vrms  <  =  5.0  mV  for 
direct  coupled  stubs. 
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5.1.1.7    Power  On/Off  Noise:    A  UUT  shall  not  emit  any  spurious  differential 

output  during  a  power-up  or  power-down  sequence.    Power  shall  be  applied 
to  the  UUT  and  any  outputs  from  the  UUT  to  the  bus  shall  be  measured. 
Power  shall  be  removed  from  the  UUT  and  any  output  to  the  bus  from  the 
UUT  shall  be  measured. 

The  pass  criterion  shall  be: 

1.  For  transformer  coupled  stubs,  any  spurious  noise  pulses  produced 
shall  be  less  than  +250  mV  peak. 

2.  For  direct  coupled  stubs,  any  spurious  noise  pulses  produced  shall 
be  less  than  +90  mV  peak. 

NOTE:    Use  normal  on/off  power  sequence  of  UUT. 

5.1.2    Input  Characteri  sti  cs :    The  input  tests  are  designed  to  verify  that 
multiplex  devices  can  properly  decode  bi-phase  data. 

5.1.2.1    Input  Waveform  Compatibility: 

5.1.2.1.1  Amplitude  Variations:    A  sequence  of  valid  legal  receive  commands 
shall  be  transmitted  to  the  UUT.    The  test  shall  be  performed  for 
input  voltage  levels  of  0.20,  0.86,  and  6.0  Vpp  for  transformer 
coupled  stubs,  and  at  0.28,  1.2,  and  9.0  Vpp  for  direct  coupled 
stubs.    A  minimum  of  1000  commands  shall  be  transmitted  to  the  UUT  at 
each  Input  level.    The  response  of  the  UUT  shall  be  monitored  for 
every  message  at  each  input  level. 

The  pass  criteria  shall  be: 

1.  NR  for  transformer  coupled  stub  inputs  of  0.20  Vpp. 

2.  CS  for  transformer  coupled  stub  inputs  of  0.86  Vpp. 

3.  CS  for  transformer  coupled  stub  inputs  of  6.0  Vpp. 

4.  NR  for  direct  coupled  stub  inputs  of  0.28  Vpp. 

5.  CS  for  direct  coupled  stub  inputs  of  1.2  Vpp. 

6.  CS  for  direct  coupled  stub  inputs  of  9.0  Vpp. 

5.1.2.1.2  Input  Impedance:    The  input  Impedance  of  the  UUT  shall  be  measured 
first  with  the  power  on  and  repeated  with  the  UUT  power  off.  The 
Input  Impedance,  Zin,  shall  be  measured  with  a  sinusoidal  waveform 
having  an  amplitude  1.0  to  2.0  Vrms,  at  a  frequency  of  1.0  MHz.  The 
pass  criterion  shall  be  Z1n  >  =  1000  ft  for  transformer  coupled  stubs 
and  Zin  >  =  2000  fi  for  direct  coupled  stubs. 

For  this  test,  do  not  use  Fig.  1;  remove  all  loads  from  UUT. 

5.2    Protocol  Tests:    All  tests  in  this  section  shall  use  the  test  configuration 
shown  in  Fig.  1.    The  test  signal  amplitude  shall  be  3.0  Vpp  for  direct 
coupled  stubs  and  2.1  Vpp  for  transformer  coupled  stubs  measured  at  point 
A.    For  UUTs  having  both  direct  and  transformer  coupled  stubs,  the  protocol 
tests  need  only  be  performed  on  one  stub  type  per  bus.    Any  condition,  which 
causes  the  UUT  to  respond  other  than  as  called  out  1n  MIL-STD-1553B,  to  lock 
up  or  require  a  power  cycle  in  order  to  recover  from  a  failure,  shall 
automatically  cause  that  UUT  to  fail  the  test.    The  protocol  tests  shall  be 
performed  on  all  buses  for  UUTs  with  redundant  bus  configurations. 
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5.2. I    RT  Response  to  Command  Words: 

5.2.1.1  RT  Address:  The  purpose  of  this  test  1s  to  verify  that  the  UUT  responds 
only  to  valid  legal  commands,  that  1s,  those  that  contain  the  address  of 
the  UUT. 


5.2.1.1.1  Valid  RT  Address:    The  test  equipment  shall  transmit  to  the  UUT  one 
valid  legal  transmit  command  and  one  valid  legal  receive  command  with 
the  minimum  word  count  for  the  UUT.    Associated  data  may  be  random  or 
controlled  depending  on  UUT  requirements.    The  pass  criteria  shall  be 
that  the  UUT  responds  with  CS  for  each  command.    If  the  UUT  has 
variable  address  capability,  this  test  shall  be  repeated  for  the 

fol lowing  addresses: 

00001,  00010,  00100,  01000,  10000,  00000 

5.2.1.1.2  Invalid  RT  Address:    The  test  equipment  shall  transmit  to  the  UUT 
receive  commands  and  transmit  commands  using  all  RT  addresses  not 
assigned  to  the  UUT  (with  the  exception  of  address  11111).  Subaddress 
and  word  count  fields  shall  be  identical  to  those  used  in  5.2.1.1.1. 
The  pass  criteria  shall  be  NR  for  each  command. 

5.2.1.2  Word  Count:    The  purpose  of  the  test  is  to  verify  that  the  UUT  responds 
properly  to  all  word  counts  Implemented.    During  the  test,  the  test 
equipment  will  transmit  one  valid,  legal,  non-mode  transmit  command  and 
one  valid,  legal,  non-mode  receive  command  for  each  Implemented  word 
count.    Only  one  subaddress  Is  needed  for  any  word  count.    The  pass 
criteria  shall  be  CS  for  each  command. 

5.2.1.3  Subaddress:    The  purpose  of  this  test  is  to  verify  that  the  UUT  responds 
properly  to  all  subaddresses  implemented.    During  this  test,  the  test 
equipment  shall  transmit  one  valid,  legal,  non-mode  transmit  command  and 
one  valid,  legal,  non-mode  receive  command  for  each  implemented 
subaddress.    Only  one  word  count  is  needed  for  any  subaddress.    The  pass 
criteria  shall  be  CS  for  each  command. 

5.2.1.4  Error  Injection:    These  tests  are  Intended  to  examine  the  UUT  response 
when  specific  errors  are  forced  into  the  message  stream.    The  UUT  shall 
not  respond  with  a  status  word.    If  the  data  words  it  decodes  fail  any 
of  the  validity  tests,  the  UUT  should  internally  set  the  message  error 
bit  In  its  status  word  buffer.    If  the  command  word  1t  decodes  falls  any 
of  the  validity  tests,  1t  shall  ignore  the  command  and  wait  for  the  next 
command  (the  ME  bit  should  not  be  internally  set  in  this  case).  For 
this  test,  valid  legal  commands  will  be  sent  to  the  UUT  for  Steps  1  and 
3  in  the  test  sequence  below.    Each  error  condition  listed  In  Table  1 
shall  be  injected  1n  Step  2  of  the  test  sequence.    One  error  per  test 
sequence  shall  be  implemented. 

1.  Transmit  a  valid,  legal  command  to  the  UUT. 

2.  Transmit  to  the  UUT  a  message  which  contains  one  of  the  error 
conditions  listed  in  Table  1. 

3.  Transmit  a  valid,  legal  command  to  the  UUT. 
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5.2.1.4  (Continued): 

The  pass  criteria  shall  be: 

1.  The  UUT  shall  respond  with  CS  for  Steps  1  and  3  in  the  test  sequence 
above. 

2.  The  UUT  shall  not  respond  to  commands  for  Step  2  1n  the  test 
sequence  above. 

5.2.2    Optional  Operation:    This  section  provides  for  testing  the  optional 

requirements  of  MIL-STD-1 553B.  If  a  remote  terminal  implements  any  of  the 
options,  it  shall  be  tested  in  accordance  with  the  test  identified  for  the 
option . 

5.2.2.1  Dual  Redundant  Operation:    This  test  shall  be  performed  only  if  the  UUT 
is  configured  with  dual  redundant  buses.    The  requirements  are  as 

fol lows : 

1.  The  UUT  is  required  to  accept  a  valid  command  received  on  the 
alternate  bus  while  responding  to  a  command  on  the  original  bus. 

2.  The  UUT  is  required  to  respond  to  the  valid  command  occurring  later 
In  time  when  overlapping  valid  commands  are  received  on  both  buses. 

3.  When  Step  1  or  2  occurs,  the  UUT  shall  reset  and  respond  to  the  new 
command  on  the  alternate  bus. 

Legal  messages  shall  be  used  in  this  test.    The  following  test  sequence 
shall  be  performed  twice  for  each  interrupting  command,  once  for  each 
redundant  bus: 

Step  1.    Send  a  valid  command  to  the  UUT  requesting  the  maximum  number 
of  data  words  that  the  UUT  is  designed  to  transmit. 

Step  2.    Send  the  Interrupting  command  on  the  alternate  bus  beginning  no 
sooner  than  4.0  ps  after  the  beginning  of  the  first  command. 

Step  3.    Send  a  valid  "Transmit  Status"  mode  command  on  the  first  bus 
after  the  messages  on  both  buses  have  been  completed.  (If 
"Transmit  Status"  is  not  used,  delete  this  step.) 

The  pass  criteria  shall  be:    Step  1  -  NR,  truncated  message  or  CS,  Step 
2  -  CS,  and  Step  3  -  CS  if  transmit  status  is  implemented. 

5.2.2.2  Mode  Commands:    The  purpose  of  these  tests  is  to  verify  that  the  UUT 
responds  properly  to  Implemented  mode  commands.    The  tests  are  not 
Intended  to  verify  the  mission  aspects  stated  in  the  equipment 
specification.    The  UUT  shall  be  tested  for  each  mode  code  implemented 
with  a  subaddress  field  mode  code  indicator  of  all  zeros  and  repeated 
with  a  subaddress  field  of  all  ones.    The  pass  criteria  are  defined  1n 
each  test  paragraph. 
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TABLE  1  -  Error  Formats 


ERROR  TYPE 


LOCATION 


Parity 
Parity 
Parity 

Bit  Count  (-1 


bit) 


Bit  Count  (+2  bits) 
Bit  Count  (-1  bit) 
Bit  Count  (+2  bits) 
Bit  Count  (-1  bit) 
B1-phase  (high) 
Bi-phase  (high) 
Bi-phase  (low) 
Bi-phase  (low) 
Bi-phase  (low) 
Bi-phase  (high) 
Sync 


Sync 


Contiguous  data 
Contiguous  data 
Message  length  (+) 
Message  length  (-) 
Message  length  (+) 


Receive  command  word 
Transmit  command  word 
Data  word 

Receive  command  word 
Receive  command  word 
Transmit  command  word 
Between  two  data  words 
Between  two  data  words 
Ripple  through  transmit  command 
Ripple  through  receive  command 
Ripple  through  transmit  command 
Ripple  through  receive  command 
Ripple  through  data  word 
Ripple  through  data  word 
Command  word,  patterns: 
111100 
110000 
111001 
011000 
0001 1 1 
Data  word,  patterns: 
00001 1 
001111 
000110 
100111 
111000 

Between  command  and  data  words 
Between  two  data  words 
Receive  message  plus  one  data  word 
Receive  message  minus  one  data  word 
Transmit  command  plus  one  data  word 


NOTE:    For  contiguous  data  errors,  receive  commands  shall  be  used  and 
the  contiguous  data  error  shall  be  4.0  us  as  measured  from  the  mid-bit 
zero  crossing  of  the  parity  bit  of  the  preceding  word  to  the  mid-sync 
zero  crossing  of  the  following  word. 
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5.2.2.2.1  Dynamic  Bus  Control :    The  purpose  of  this  test  1s  to  verify  that  the 
UUT  has  the  ability  to  recognize  the  "Dynamic  Bus  Control"  mode 
command  and  to  take  control  of  the  data  bus.    A  valid  legal  dynamic 
bus  control  mode  command  shall  be  sent  to  the  UUT.    The  pass  criteria 
shall  be  that  the  UUT  responds  with  a  DBA  upon  acceptance  of  bus 
control  or  a  CS  upon  rejection  of  bus  control.    The  UUT  shall  take 
control  of  the  data  bus  when  Its  response  1s  DBA  as  required  in  the 
UUT's  design  specification. 

5.2.2.2.2  Synchronize:    The  following  paragraphs  provide  the  test  criteria  for 
the  "Synchronize"  mode  commands: 

5.2.2.2.2.1  Synchronize  (Mithout  Data  Word):    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  a  "Synchronize" 
mode  command  without  a  data  word.    A  valid  legal  "Synchronize" 
(without  data  word)  mode  command  shall  be  sent  to  the  UUT.    The  pass 
criterion  shall  be  that  the  UUT  responds  with  CS. 

5.2.2.2.2.2  Synchronize  (With  Data  Word):    The  purpose  of  this  test  is  to  verify 
that  the  UUT  has  the  ability  to  recognize  a  "Synchronize"  mode 
command  with  a  data  word.    A  valid  legal  "Synchronize"  (with  data 
word)  mode  command  shall  be  sent  to  the  UUT.    The  pass  criterion 
shall  be  that  the  UUT  responds  with  CS. 

5.2.2.2.3  Transmit  Status:    The  purpose  of  this  test  1s  to  verify  that  the  UUT 
has  the  ability  to  recognize  the  "Transmit  Status"  mode  command  and 
respond  with  Its  last  status  word.    The  following  sequence  shall  be 
performed: 

Step  t.    A  valid  legal  message  shall  be  sent  to  the  UUT. 

Step  2.    A  legal  receive  command  with  a  parity  error  1n  a  data  word 

shall  be  sent  to  the  UUT. 
Step  3.    A  valid  legal  "Transmit  Status"  mode  command  shall  be  sent  to 

the  UUT. 
Step  4.    Repeat  Step  3. 

Step  5.    A  valid  legal  receive  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  for  the  above  steps  shall  be  as  follows:    Step  1  - 
CS;  Step  2  -  NR;  Step  3  -  ME;  Step  4  -  ME;  Step  5  -  CS. 

5.2.2.2.4  Initiate  Self-Test:    The  purpose  of  this  test  is  to  verify  that  the 
UUT  has  the  ability  to  recognize  the  "Initiate  Self-Test"  mode 
command.    A  valid  legal  "Initiate  Self-Test"  mode  command  shall  be 
sent  to  the  UUT.    The  pass  criterion  shall  be  that  the  UUT  responds 
with  CS. 

Note:    Normal  UUT  operation  may  be  affected  during  the  Self-Test 
execution  time.    Detailed  requirements  shall  be  as  defined  by  the 
UUT's  design  specification. 

5.2.2.2.5  Transmit  BIT  Word:    The  purpose  of  this  test  is  to  verify  that  the  UUT 
has  the  ability  to  recognize  the  "Transmit  BIT  Word"  mode  command.  A 
valid  legal  "Transmit  BIT  Word"  mode  command  shall  be  sent  to  the 
UUT.    The  pass  criterion  shall  be  that  the  UUT  responds  with  a  CS 
followed  by  a  valid  data  word. 
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5.2.2.2.6    Transmitter  Shutdown  and  Override:    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  the  "Transmitter 
Shutdown"  and  "Override  Transmitter  Shutdown"  mode  commands.    The  pass 
criterion  for  each  individual  test  is  contained  in  one  of  the 
paragraphs  below.    To  test  all  bus  combinations,  in  this  sequence  each 
bus  in  turn  shall  be  Identified  as  the  primary  bus.    All  other  buses 
shall  be  tested  in  turn  as  the  selected  alternate  bus  using  Steps  1 
through  10. 

Step  1.     A  valid  legal  command  shall  be  sent  on  the  primary  bus  to 

the  UUT.    A  CS  response  shall  be  verified. 
Step  2.     A  valid  legal  command  shall  be  sent  on  the  selected 

alternate  bus  to  the  UUT.    A  CS  response  shall  be  verified. 
Step  3.     A  valid  legal  mode  command  to  shut  down  the  transmitter 

shall  be  sent  to  the  UUT  on  the  primary  bus.    A  CS  response 

shall  be  verified. 
Step  4.     A  valid  legal  command  shall  be  sent  on  the  selected 

alternate  bus  to  the  UUT.    A  NR  shall  be  verified. 
Step  5.      A  valid  legal  command  shall  be  sent  on  the  primary  bus  to 

the  UUT.    A  CS  response  shall  be  verified. 
Step  6.     A  valid  legal  mode  command  to  override  the  transmitter 

shutdown  shall  be  sent  to  the  UUT  on  the  selected  alternate 

bus.    A  NR  shall  be  verified. 
Step  7.     A  valid  legal  command  shall  be  sent  to  the  UUT  on  the 

selected  alternate  bus.    A  NR  shall  be  verified. 
Step  8.     A  valid  legal  mode  command  to  override  transmitter  shutdown 

shall  be  sent  to  the  UUT  on  the  primary  bus.    A  CS  shall  be 

verified. 

Step  9.     A  valid  legal  command  shall  be  sent  on  the  selected 
alternate  bus  to  the  UUT.    A  CS  shall  be  verified. 

Step  10.    A  valid  legal  command  shall  be  sent  on  the  primary  bus  to 
the  UUT.    A  CS  shall  be  verified. 

5.2.2.2.6.1  Dual  Redundant  Shutdowns  and  Overrides:  This  test  shall  verify  that 
the  UUT  recognizes  the  dual  redundant  mode  commands  to  shut  down  the 
alternate  bus  transmitter  and  to  override  the  shutdown. 

A  valid  legal  "Transmitter  Shutdown"  mode  command  shall  be  encoded 
into  the  command  word  to  cause  an  alternate  bus  transmitter 
shutdown.    A  valid  legal  "Override  Transmitter  Shutdown"  mode 
command  shall  be  encoded  Into  the  command  word  to  cause  an  override 
of  the  transmitter  shutdown.    The  test  sequence  in  5.2.2.2.6  shall 
be  used  for  each  case  including  verification  of  the  UUT  response 
indicated.    The  pass  criterion  shall  be  that  the  UUT  performs  as 
defined  In  each  step. 
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5.2.2.2.6.2    Selective  Bus  Shutdowns  and  Overrides:    This  test  shall  verify  that 
the  UUT  recognizes  the  multi-redundant  mode  commands  to  shut  down  a 
selected  bus  transmitter  and  to  override  the  shutdown.    A  valid 
legal  "Selected  Transmitter  Shutdown"  receive  mode  command  shall  be 
encoded,  accompanied  by  the  appropriate  data  word,  to  cause  a 
selective  bus  transmitter  shutdown.    A  valid  legal  "Override 
Selected  Transmitter  Shutdown"  receive  mode  command  shall  be  encoded 
accompanied  by  the  appropriate  data  word  to  cause  an  override  of  the 
selected  bus  transmitter  shutdown.    The  test  sequence  in  5.2.2.2.6 
shall  be  used  for  each  case  including  verification  of  the  UUT 
response  indicated.    The  pass  criteria  shall  be  that  the  UUT 
performs  as  defined  in  each  step. 

5.2.2.2.7  Terminal  Flag  Bit  Inhibit  and  Override:    This  test  verifies  that  the 
UUT  recognizes  and  responds  properly  to  the  mode  commands  of  "Inhibit 
Terminal  Flag  Bit"  and  "Override  Inhibit  Terminal  Flag  Bit." 
Beginning  in  Step  2  of  the  test  sequence  below,  the  UUT  shall  be 
caused  to  set  the  terminal  flag  bit. 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word 
shall  be  transmitted  to  the  UUT  and  a  CS  response  verified. 

Step  2.    Introduce  a  condition  that  will  set  the  terminal  flag  in  the 
UUT  status  response.    Send  a  valid  legal  receive  command  with 
at  least  one  data  word  to  the  UUT  and  verify  that  the  TF  bit 
1s  set  in  the  returned  status  word. 

Step  3.    A  valid  legal  "Inhibit  Terminal  Flag"  mode  command  shall  be 
transmitted  to  the  UUT  and  a  CS  or  TF  response  verified. 

Step  4.    Repeat  Step  1  and  verify  a  CS  response. 

Step  5.    A  valid  legal  "Override  Inhibit  Terminal  Flag"  mode  command 

shall  be  transmitted  to  the  UUT  and  a  CS  or  TF  verified  in 

the  returned  status  word. 
Step  6.    A  valid  legal  receive  command  with  at  least  one  data  word 

shall  be  transmitted  and  a  TF  verified  in  the  returned  status 

word . 

Step  7.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 

reset  the  TF  bit. 
Step  8.    Repeat  Step  1 . 

The  pass  criterion  shall  be  that  the  UUT  performs  as  defined  in  each 
step. 

5.2.2.2.8  Reset  Remote  Terminal:    This  test  shall  verify  that  the  UUT  has  the 
capability  to  recognize  the  mode  command  to  reset  itself  to  a  power  up 
Initialized  state.    For  this  test,  a  reset  mode  command  shall  be 
transmitted  to  the  UUT  and  a  CS  response  verified. 

Note:    Normal  UUT  operation  may  be  affected  during  the  reset  execution 
time.    Detailed  requirements  shall  be  as  defined  by  the  UUT's  design 
specification. 
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5.2.2.2.9  Transmit  Vector  Hord:    This  test  verifies  the  capability  of  the  UUT  to 
recognize  and  respond  properly  to  a  "Transmit  Vector  Hord"  mode 
command.    A  valid  legal  "Transmit  Vector  Word"  mode  command  shall  be 
transmitted  to  the  UUT  and  a  CS  response  shall  be  verified. 

5.2.2.2.10  Transmit  Last  Command:    This  test  verifies  that  the  UUT  recognizes 
and  responds  properly  to  a  "Transmit  Last  Command"  mode  command.  The 
following  test  sequence  shall  be  used: 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word 
shall  be  transmitted  to  the  UUT  and  a  CS  response  verified. 

Step  2.    A  valid  legal  receive  command,  different  from  that  used  1n 
Step  I  above  with  at  least  one  data  word,  shall  be 
transmitted  to  the  UUT  and  a  parity  error  shall  be  encoded 
into  the  first  data  word.    A  NR  shall  be  the  proper  UUT 
action. 

Step  3.    A  valid  legal  "Transmit  Last  Command"  mode  command  shall  be 
transmitted  to  the  UUT  and  a  status  response  of  ME  followed 
by  a  data  word  containing  the  last  command  (command  word 
from  Step  2)  shall  be  verified. 

Step  4.    A  valid  legal  "Transmit  Status"  mode  command  shall  be 

transmitted  to  the  UUT  and  a  status  response  with  a  ME  set 
shall  be  verified. 

Step  5.    A  valid  legal  "Transmit  Last  Command"  mode  command  shall  be 
transmitted  to  the  UUT  and  a  status  response  of  ME  followed 
by  a  data  word  containing  the  last  command  (command  word 
from  Step  4)  shall  be  verified. 

Step  6.    A  valid  legal  "Transmit  Last  Command"  mode  command  shall  be 
transmitted  to  the  UUT  and  a  status  response  of  ME  followed 
by  a  data  word  containing  the  last  command  (command  word 
from  Step  4)  shall  be  verified. 

Step  7.    A  valid  legal  receive  command  with  at  least  one  data  word 
shall  be  transmitted  to  the  UUT  and  a  CS  response  verified. 

Step  8.    A  valid  legal  "Transmit  Last  Command"  mode  command  shall  be 
transmitted  to  the  UUT  and  a  status  response  of  CS  followed 
by  a  data  word  containing  the  last  command  (command  word 
from  Step  7)  shall  be  verified. 

5.2.2.3    Status  Hord:    The  following  tests  verify  that  all  implemented  status 
word  bits  are  properly  used  and  cleared.    The  UUT  has  failed  a  test 
sequence  if  it  does  not  respond  as  indicated  in  each  test  paragraph  for 
any  implemented  status  word  bit. 
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5.2.2.3.1  Service  Request:    This  test  verifies  that  the  UUT  sets  the  service 
request  bit  as  necessary  and  clears  it  when  appropriate.    The  UUT 
shall  set  bit  time  11  of  the  status  word  when  a  condition  in  the  UUT 
warrants  the  RT  to  be  serviced.    A  reset  of  the  bit  shall  occur  as 
defined  by  each  RT.    The  following  steps  shall  be  performed  and  the 
appropriate  responses  verified: 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word 
shall  be  transmitted  to  the  UUT  and  a  CS  response  with  the 
service  request  bit  reset  verified. 

Step  2.    A  condition,  which  causes  the  service  request  bit  to  be  set, 
shall  be  introduced  into  the  UUT.    A  valid  legal  receive 
command  with  at  least  one  data  word  shall  be  transmitted  to 
the  UUT  and  a  status  response  having  the  service  request  bit 
set  shall  be  verified. 

Step  3.    A  valid  legal  receive  command  with  at  least  one  data  word 

shall  be  transmitted  to  the  UUT  and  a  status  response  having 
the  service  request  bit  set  shall  be  verified. 

Step  4.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 
reset  the  service  request  bit.    A  valid  legal  receive  command 
with  at  least  one  data  word  shall  be  transmitted  to  the  UUT 
and  a  CS  response  with  the  service  request  bit  reset  shall  be 
verified. 

The  pass  criterion  for  this  test  shall  be  the  successful  completion  of 
Steps  1  through  4. 

5.2.2.3.2  Broadcast:    This  test  verifies  that  the  UUT  sets  the  broadcast  command 
received  bit  of  the  status  word  after  receiving  a  broadcast  command. 
The  UUT  shall  set  status  bit  15  to  a  logic  one  after  receiving  the 
broadcast  command.    The  following  test  sequence  shall  be  performed 
using  either  the  "Transmit  Last  Command"  or  "Transmit  Status"  mode 
command  to  verify  the  bit  condition. 

Step  1.    A  valid  legal  broadcast  receive  message  shall  be  transmitted 

to  the  UUT.    A  NR  shall  be  verified. 
Step  2.    A  valid  legal  "Transmit  Last  Command"  or  "Transmit  Status" 

mode  command  shall  be  transmitted  to  the  UUT.    In  either 

case,  verify  BCR.    If  the  "Transmit  Last  Command"  mode 

command  is  used,  the  data  word  containing  the  broadcast 

command  shall  be  verified. 
Step  3.    A  valid,  legal,  non-broadcast  command  shall  be  transmitted  to 

the  UUT  and  a  status  word  with  the  broadcast  command  received 

bit  reset  shall  be  verified. 
Step  4.    A  broadcast  receive  message  with  a  parity  error  In  one  of  the 

data  words  shall  be  transmitted  to  the  UUT.    A  NR  shall  be 

verified. 
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5.2.2.3.2  (Continued): 

Step  5.    A  valid  legal  "Transmit  Last  Command"  or  "Transmit  Status" 
mode  command  shall  be  transmitted  to  the  UUT.    In  either 
case,  a  status  word  with  the  message  error  bit  set  shall  be 
verified.    (BCR  may  be  set.)    If  the  "Transmit  Last  Command" 
mode  command  is  used,  the  data  word  containing  the  broadcast 
command  shall  be  verified. 

The  pass  criterion  for  this  test  shall  be  the  successful  completion  of 
Steps  1  through  5. 

5.2.2.3.3  Busy:    This  test  verifies  the  capability  of  the  UUT  to  set  the  busy 
bit  of  the  status  word.    Bit  time  16  of  the  status  word  shall  be  set 
when  the  UUT  is  busy. 

Step  1.    Procedures  as  defined  for  the  UUT  shall  be  performed  which 
set  the  busy  bit. 

Step  2.    A  valid  legal  transmit  command  shall  be  transmitted  to  the 
UUT  and  only  a  status  word  response  with  the  busy  bit  set 
shall  be  verified.    The  UUT  shall  not  transmit  the  requested 
data  words  when  the  busy  bit  is  set. 

Step  3.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 
reset  the  busy  bit. 

Step  4.    A  valid  legal  transmit  command  shall  be  transmitted  to  the 
UUT  and  a  status  word  with  the  busy  bit  reset  shall  be 
verified.    The  UUT  shall  have  responded  with  the  correct 
number  of  data  words . 

Step  5.    Repeat  Step  1 . 

Step  6.    A  valid  legal  receive  command  shall  be  transmitted  to  the  UUT 
and  a  status  word  response  with  the  busy  bit  set  shall  be 
verified. 

Step  7.    Repeat  Step  3. 

Step  8.    A  valid  legal  receive  command  shall  be  transmitted  to  the  UUT 
and  a  status  word  response  with  the  busy  bit  reset  shall  be 
verified. 

The  pass  criterion  for  this  test  shall  be  the  successful  completion  of 
Steps  1  through  8. 

5.2.2.3.4  Subsystem  Flag:    This  test  verifies  the  capability  of  the  UUT  to  set 
the  subsystem  flag  bit  of  the  status  word.    Bit  time  17  of  the  status 
word  shall  be  set  to  a  logic  one  when  a  subsystem  fault  has  been 
determined.    Prior  to  performing  the  test  sequence  below,  a  condition, 
which  sets  the  subsystem  flag  bit,  must  be  activated. 

Step  1.    A  valid  legal  transmit  command  shall  be  transmitted  to  the 
UUT  and  a  status  response  having  the  subsystem  flag  bit  set 
shall  be  verified. 

Step  2.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 
reset  the  subsystem  flag  bit. 
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5.2.2.3.4  (Continued): 

Step  3.    A  valid  legal  transmit  command  shall  be  transmitted  to  the 

UUT  and  a  status  word  with  the  subsystem  flag  bit  reset  shall 
be  verified. 

The  pass  criterion  for  this  test  shall  be  the  successful  completion  of 
Steps  1  through  3. 

5.2.2.3.5  Terminal  Flag:    This  test  verifies  that  the  UUT  sets  the  terminal  flag 
bit  as  necessary  and  clears  it  when  appropriate.    The  UUT  shall  set 
bit  time  19  of  the  status  word  when  an  occurrence  in  the  UUT  causes  a 
terminal  fault  condition.    Prior  to  performing  the  test  sequence 
below,  a  condition  which  sets  the  terminal  flag  bit  must  be  activated. 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word 
shall  be  transmitted  to  the  UUT  and  a  status  response  with 
the  TF  bit  set  shall  be  verified. 

Step  2.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 
reset  the  TF  bit. 

Step  3.    A  valid  legal  transmit  command  shall  be  transmitted  to  the 

UUT  and  a  status  word  with  the  TF  bit  reset  shall  be  verified. 

The  pass  criterion  for  this  test  shall  be  the  successful  completion  of 
Steps  1  through  3. 

5.2.2.4    Broadcast  Messages :    The  following  tests  verify  that  the  UUT  responds 
properly  to  broadcast  messages. 

Note:    In  the  following  test  sequences,  a  "Transmit  Last  Command"  mode 
command  shall  be  used  to  verify  the  reception  of  the  broadcast  message 
by  the  UUT.    If  the  "Transmit  Last  Command"  mode  command  is  not 
implemented,  the  "Transmit  Status"  mode  command  shall  be  used.  If 
neither  mode  command  is  implemented,  this  test  will  not  be  performed. 

5.2.2.4.1    Response  to  Broadcast  Commands:    The  purpose  of  this  test  is  to  verify 
that  the  UUT  responds  properly  to  broadcast  commands.    The  commands 
are  classified  into  three  categories.    BC  to  RT  broadcast  commands, 
broadcast  mode  commands,  and  RT  to  RT  broadcast  commands.  Each 
category  is  tested  separately  in  the  following  paragraphs.    Use  the 
following  test  sequence  unless  otherwise  noted: 

Step  1.    A  valid  legal  receive  message  shall  be  sent  to  the  UUT. 
Step  2.    A  valid  legal  broadcast  message  shall  be  sent  to  the  UUT. 
Step  3.    A  "Transmit  Last  Command"  mode  command  shall  be  sent  to  the 
UUT. 
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5.2.2.4.1.1  BC  to  RT  Broadcast  Commands:    All  possible  broadcast  commands 
meeting  the  criteria  of  4.4.1.1  of  MIL-STD-1 553B  except  broadcast 
mode  commands  shall  be  sent  to  the  UUT.    Each  command  word  shall  be 
followed  by  the  proper  number  of  contiguous  valid  data  words. 

The  pass  criteria  are  as  follows:  Step  1  -  CS;  Step  2  -  NR;  Step  3 
-  BCR  and  the  data  word  contains  the  broadcast  command  sent  in  Step 
2. 

5.2.2.4.1.2  Broadcast  Mode  Commands:    The  purpose  of  this  test  is  to  verify  that 
the  UUT  responds  properly  to  implemented  broadcast  mode  commands. 
This  test  is  not  intended  to  verify  the  mission  aspects  stated  in 
the  equipment  specification.    The  UUT  shall  be  tested  for  each  mode 
code  implemented  with  a  subaddress  field  mode  code  indicator  of  all 
zeros  and  repeated  with  a  subaddress  field  of  all  ones.    The  pass 
criteria  are  defined  in  each  test  paragraph. 

5.2.2.4.1.2.1  Broadcast  Synchronize  (Without  Data  Word):    The  purpose  of  this 
test  is  to  verify  that  the  UUT  has  the  ability  to  recognize  a 
broadcast  "Synchronize"  (without  data  word)  mode  command.  The 
test  sequence  defined  in  5.2.2.4.1  shall  be  used  with  a  broadcast 
"Synchronize"  (without  data  word)  mode  command  in  Step  2.  The 
pass  criteria  for  the  above  steps  shall  be  as  follows:    Step  1  - 
CS;  Step  2  -  NR;  Step  3  -  BCR  and  the  data  word  contains  the 
broadcast  command  sent  in  Step  2. 

5.2.2.4.1.2.2  Broadcast  Synchronize  (Hith  Data  Word):    The  purpose  of  this  test 
is  to  verify  that  the  UUT  has  the  ability  to  recognize  a  broadcast 
"Synchronize"  (with  data  word)  mode  command.    The  test  sequence 
defined  in  5.2.2.4.1  shall  be  used  with  a  broadcast  "Synchronize" 
(with  data  word)  mode  command  in  Step  2.    The  pass  criteria  for 
the  above  steps  shall  be  as  follows:    Step  1  -  CS;  Step  2  -  NR; 
Step  3  -  BCR  and  the  data  word  contains  the  broadcast  command  sent 
in  Step  2. 

5.2.2.4.1.2.3  Broadcast  Initiate  Self-Test:    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  the  broadcast 
"Initiate  Self-Test"  mode  command.    The  test  sequence  defined  in 
5.2.2.4.1  shall  be  used  with  a  broadcast  "Initiate  Self-Test"  mode 
command  in  Step  2.    The  pass  criterion  for  each  of  the  above  steps 
shall  be  as  follows:    Step  1  -  CS;  Step  2  -  NR;  Step  3  -  BCR  and 
the  data  word  contains  the  broadcast  command  sent  in  Step  2. 

Note:    Normal  UUT  operation  may  be  affected  during  the  Self-Test 
execution  time.    Detailed  requirements  shall  be  as  defined  by  the 
UUT's  design  specification. 
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5.2.2.4.1.2.4    Broadcast  Transmitter  Shutdown  and  Overrides:    The  purpose  of  this 
test  is  to  verify  that  the  UUT  has  the  ability  to  recognize  and 
properly  execute  these  broadcast  mode  commands.    The  pass 
criterion  for  each  individual  test  is  contained  in  one  of  the 
paragraphs  below.    The  following  sequence  shall  be  performed  for 
each  test: 

Step  1.     A  valid  legal  command  shall  be  sent  on  the  primary  bus 
to  the  UUT.    A  CS  response  shall  be  verified. 

Step  2.     A  valid  legal  command  shall  be  sent  on  the  selected 
alternate  bus  to  the  UUT.    A  CS  response  shall  be 
verified . 

Step  3.     A  valid  legal  "Broadcast  Transmitter  Shutdown"  mode 

command  shall  be  sent  to  the  UUT  on  the  primary  bus.  A 
NR  response  shall  be  verified. 

Step  4.      A  "Transmit  Last  Command"  mode  command  shall  be  sent  on 
the  primary  bus  to  the  UUT.    A  BCR  response  shall  be 
verified,  followed  by  the  data  word  transmitted  in  Step 
3. 

Step  5.     A  valid  legal  command  shall  be  sent  on  the  selected 

alternate  bus  to  the  UUT.    A  NR  shall  be  verified. 
Step  6.     A  valid  legal  command  shall  be  sent  on  the  primary  bus 

to  the  UUT.    A  CS  response  shall  be  verified. 
Step  7.     A  valid  legal  broadcast  "Override  Transmitter  Shutdown" 

mode  command  shall  be  sent  to  the  UUT  on  the  selected 

alternate  bus.    A  NR  shall  be  verified. 
Step  8.     A  valid  legal  command  shall  be  sent  to  the  UUT  on  the 

selected  alternate  bus.    A  NR  shall  be  verified. 
Step  9.      A  valid  legal  broadcast  "Override  Transmitter  Shutdown" 

mode  command  shall  be  sent  to  the  UUT  on  the  primary 

bus.    A  NR  shall  be  verified. 
Step  10.    A  "Transmit  Last  Command"  mode  command  shall  be  sent  on 

the  primary  bus  to  the  UUT.    A  BCR  response  shall  be 

verified,  followed  by  the  data  word  from  Step  9. 
Step  11.    A  valid  legal  command  shall  be  sent  on  the  selected 

alternate  bus  to  the  UUT.    A  CS  shall  be  verified. 
Step  12.    A  valid  legal  command  shall  be  sent  on  the  primary  bus 

to  the  UUT.    A  CS  shall  be  verified. 

5.2.2.4.1.2.4.1    Broadcast  Dual  Redundant  Shutdowns  and  Overrides:    This  test 
shall  verify  that  the  UUT  recognizes  the  dual  redundant 
broadcast  mode  commands  to  shut  down  the  alternate  bus 
transmitter  and  to  override  the  shutdown.    In  a  dual  redundant 
system,  each  bus  must  be  tested  as  the  alternate  bus  and  as  the 
primary  bus.    A  valid  legal  broadcast  "Transmitter  Shutdown" 
mode  command  shall  be  used  in  Step  3.    A  valid  legal  broadcast 
"Override  Transmitter  Shutdown"  mode  command  shall  be  used  in 
Steps  7  and  9.    The  test  sequence  in  5.2.2.4.1.2.4  shall  be  used 
for  each  case,  including  verification  of  the  UUT  response 
indicated.    The  pass  criteria  shall  be  that  the  UUT  performs  as 
defined  in  each  step. 
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a.c.t.t .4 .£.*u    oroaocast  selective  Bus  Shutdowns  and  Overrides:    This  test 
shall  verify  that  the  UUT  recognizes  the  multi-redundant 
broadcast  mode  commands  to  shut  down  a  selected  bus  transmitter 
and  to  override  the  shutdown.    In  a  multi-redundant  system,  each 
bus  must  be  tested  as  the  alternate  bus  and  each  as  the  primary 
bus.    A  valid  legal  broadcast  "Selected  Transmitter  Shutdown" 
mode  code  shall  be  encoded  accompanied  by  the  appropriate  data 
word  in  Step  3  to  cause  a  selective  bus  transmitter  shutdown.  A 
valid  legal  broadcast  "Override  Selected  Transmitter  Shutdown" 
mode  shall  be  encoded  accompanied  by  the  appropriate  data  word 
in  Steps  7  and  9  to  cause  an  override  of  the  selected  bus 
transmitter  shutdown.    The  test  sequence  in  5.2.2.4.1.2.4  with 
the  changes  given  shall  be  performed  using  each  bus  as  the 
primary  bus  and  each  as  the  alternate  bus,  including 
verification  of  the  UUT  response  indicated.    The  pass  criteria 
shall  be  that  the  UUT  performs  as  defined  in  each  step. 

5.2.2.4.1.2.5    Broadcast  Terminal  Flag  Bit  Inhibit  and  Override:    This  test 
verifies  that  the  UUT  recognizes  and  responds  properly  to  the 
broadcast  mode  commands  of  "Inhibit  Terminal  Flag  Bit"  and 
"Override  Inhibit  Terminal  Flag  Bit".    Beginning  in  Step  2  of  the 
test  sequence  below,  the  UUT  shall  be  caused  to  set  the  terminal 
flag  bit. 


Step  1.     A  valid  legal  receive  command  with  at  least  one  data 
word  shall  be  transmitted  to  the  UUT  and  a  CS  response 
verified. 

Step  2.      Introduce  a  condition  that  will  set  the  terminal  flag  in 
the  UUT  status  response.    Send  a  valid  legal  receive 
command  with  at  least  one  data  word  to  the  UUT  and 
verify  that  the  TF  bit  is  set  in  the  returned  status 
word . 

Step  3.      A  valid  legal  "Inhibit  Terminal  Flag"  broadcast  mode 
command  shall  be  transmitted  to  the  UUT  and  a  NR 
verified. 

Step  4.     A  "Transmit  Last  Command"  mode  command  shall  be  sent  to 

the  UUT.    A  BCR  response  shall  be  verified,  followed  by 

the  data  word  from  Step  3. 
Step  5.      Repeat  Step  1  and  verify  a  CS  response. 
Step  6.      A  valid  legal  "Override  Inhibit  Terminal  Flag"  broadcast 

mode  command  shall  be  transmitted  to  the  UUT  and  a  NR 

verified. 

Step  7.     A  "Transmit  Last  Command"  mode  command  shall  be  sent  to 

the  UUT.    A  BCR  shall  be  verified. 
Step  8.     A  valid  legal  receive  command  with  at  least  one  data 

word  shall  be  transmitted  and  a  TF  verified  in  the 

returned  status  word. 
Step  9.      Procedures,  as  defined  for  the  UUT,  shall  be  performed 

which  reset  the  TF  bit. 
Step  10.    Repeat  Step  1 . 

The  pass  criteria  shall  be  that  the  UUT  performs  as  defined  in 
each  step. 
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5.2.2.4.1.2.6    Broadcast  Reset  Remote  Terminal:    This  test  shall  verify  that  the 
UUT  has  the  capability  to  recognize  the  broadcast  mode  command  to 
reset  itself  to  a  power-up  initialized  state.    For  this  test,  the 
sequence  in  5.2.2.4.1  shall  be  used  with  a  broadcast  "Reset  Remote 
Terminal"  mode  command  in  Step  2. 

Note:    Normal  UUT  operation  may  be  affected  during  the  Reset 
execution  time.    Detailed  requirements  shall  be  as  defined  by  the 
UUT's  design  specification. 

The  pass  criteria  shall  be  as  follows:    Step  1  -  CS;  Step  2  -  NR; 
Step  3  -  action  and  response  defined  by  UUT's  design 
specifications. 

5.2.2.4.1.3    RT  to  RT  Broadcast  Commands:    The  purpose  of  this  test  is  to  verify 
that  the  UUT  responds  properly  to  broadcast  RT  to  RT  commands  with 
the  UUT  as  the  receiving  RT.    The  following  test  sequence  shall  be 
used: 


Step  1.    A  valid  legal  receive  message  shall  be  sent  to  the  UUT. 
Step  2.    A  valid  legal  broadcast  RT  to  RT  command  pair  shall  be  sent 
to  the  UUT. 

Step  3.    A  "Transmit  Last  Command"  mode  command  shall  be  sent  to  the 
UUT. 

Step  4.    Repeat  Step  1 . 

The  pass  criteria  shall  be  as  follows:    Step  1  -  CS;  Step  2  -  NR 
from  the  UUT;  Step  3  -  BCR  and  the  data  word  contains  the  receive 
command  of  the  RT  to  RT  command  word  pair  of  Step  2;  Step  4  -  CS. 

5.2.2.5    RT  to  RT  Transfers:    This  test  is  Intended  to  verify  proper  UUT 

operation  during  RT  to  RT  transfers.    For  this  test,  the  bus  tester 
shall  act  as  the  bus  controller  and  receiving  or  transmitting  remote 
terminal ,  as  required. 

5.2.2.5.1  RT  to  RT  Transmit:  A  valid  legal  RT  to  RT  command  pair  shall  be  sent 
to  the  UUT.  The  transmit  command  shall  be  addressed  to  the  UUT.  The 
pass  criterion  shall  be  CS. 

5.2.2.5.2  RT  to  RT  Receive:    A  valid  legal  RT  to  RT  command  pair  followed  in  4 
to  12  us  by  a  valid  status  word  with  the  RT  address  of  the  transmit 
command  and  the  proper  number  of  data  words  shall  be  sent  to  the  UUT. 
CS  shal 1  be  verified. 
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5.2.2.5.3    RT  to  RT  Timeout:    The  purpose  of  this  test  Is  to  verify  that  the  UUT 
functions  properly  when  operating  as  the  receiving  RT  1n  an  RT  to  RT 
transfer.    The  UUT  must  not  respond  after  receiving  an  RT  to  RT 
command  pair  1f  the  data  1s  not  received  within  54  to  60  us  as  shown 
1n  F1g.  6.    This  time  Is  measured  from  the  zero  crossing  of  the  parity 
bit  of  the  receive  command  to  the  mid  sync  zero  crossing  of  the  first 
data  word.    The  following  test  sequence  shall  be  performed: 


Step  1.    A  valid  legal  RT-to-RT  command  pair  followed  In  4  to  12  us 
by  a  valid  status  word  with  the  RT  address  of  the  transmit 
command  and  the  proper  number  of  data  words  shall  be  sent  to 
the  UUT.    CS  shall  be  verified. 

Step  2.    The  time  between  the  command  pair  and  status  word  of  Step  1 
shall  be  Increased  until  the  UUT  (receiving  RT)  stops 
responding  and  the  time  "T"  as  specified  1n  Fig.  6  shall  be 
measured.    This  time  shall  be  between  54  and  60  us- 

The  pass  criterion  for  this  test  shall  be  the  successful  completion  of 
Steps  1  and  2. 

5.2.2.6    Illegal  Commands:    This  test  shall  be  performed  if  the  UUT  has  the 
illegal  command  detection  option  implemented.    If  this  test  is 
performed,  the  Word  Count  (5.2.1.2)  and  Subaddress  (5.2.1.3)  tests  shall 
not  be  performed.    The  requirements  are  as  follows: 

With  the  UUT  terminal  address  set  for  a  specific  code  and  all  commands 
Issued  containing  that  code,  perform  the  following  tests: 

Step  I.     Send  a  valid  command  to  the  UUT  with  subaddress  00001,  T/R  bit 

0,  and  word  count  00000,  and  appropriate  number  of  data  words. 
Step  2.     Send  any  valid  legal  receive  command  with  appropriate  data 

word(s)  to  the  UUT. 
Step  3.     Repeat  Step  1  for  all  other  combinations  of  subaddress  (except 

00000  and  11111),  T/R  and  word  counts  with  appropriate  data 

words  following  for  receive  commands. 
Step  4.      Repeat  Step  2  following  each  of  the  commands  of  Step  3. 
Step  5.     Send  a  valid  illegal  receive  command  to  the  UUT  with  a  parity 

error  In  one  of  the  data  words. 
Step  6.     Send  a  "Transmit  Status"  mode  command  to  the  UUT.  If 

"Transmit  Status"  1s  not  implemented,  proceed  to  Step  7. 
Step  7.     Repeat  Step  2. 

Step  8.      Send  an  illegal  command  to  the  UUT  with  a  parity  error  in  the 
command  word. 

Step  9.      Send  a  "Transmit  Last  Command"  mode  command  to  the  UUT.  If 

"Transmit  Last  Command"  is  not  Implemented,  proceed  to  Step  10. 
Step  10.    Repeat  Step  2. 

Step  11.    Repeat  Step  1  for  all  combinations  of  T/R  and  mode  code  for 
subaddresses ,  00000  and  11111  (mode  commands)  with  a  valid 
data  word  contiguously  following  each  receive  command. 

Step  12.    Repeat  Step  2  following  each  of  the  commands  of  Step  3. 
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5.2.2.6  (Continued): 


The  pass  criteria  shall  be:    Step  1  -  CS  for  legal  commands  and  status 
word  only  with  ME  set  for  Illegal  commands;  Step  2  -  CS;  Step  3  -  CS  for 
legal  commands  and  status  word  only  with  ME  set  for  Illegal  commands; 
Step  4  -  CS;  Step  5  -  NR;  Step  6  -  ME;  Step  7  -  CS;  Step  8  -  NR;  Step  9 
-  CS  and  a  data  word  containing  the  command  word  associated  with  Step  7; 
Step  10  -  CS;  Step  11  -  status  word  only  with  ME  bit  set  for 
unlmplemented  mode  commands;  for  undefined  mode  commands,  status  word 
only  with  ME  bit  set,  or  NR  If  UUT  does  not  respond  to  undefined  mode 
commands;  Step  12  -  CS. 


i 


PREPARED  BY  SUBCOMMITTEE  AS-1A,  AVIONICS  SYSTEMS, 
OF  SAE  COMMITTEE  AS-1 ,  AVIONICS/ARMAMENT  INTEGRATION 
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GENERAL  TEST  CONFIGURATION 
Figure  1. 
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OPTIONAL  TEST  CONFIGURATION 
Figure  2. 
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TF  =  FALL  TIME  90%  TO  10% 
TR  =  RISE  TIME  10%  TO  90% 
TT  =  WAVEFORM  TAILOFF  TIME  : 
VR  =  RESIDUAL  VOLTAGE 
VD  =  DISTORTION  VOLTAGE 
VPP  =  PEAK-TO-PEAK  VOLTAGE 


2.5±A(SEC 


WAVEFORM  MEASUEMENTS 
Figure  3. 


Page  26 


V-27 


ZERO  CROSSING  INTERVAL  MEASUREMENTS 
Figure  4. 
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OUTPUT  NOISE  CONFIGURATION 
Figure  5. 
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T  =  54  to  60  ,usec  measured  as  shown. 
Delay  tester  response  until  UUT  response  goes  away. 


RT  —  RT  TIMEOUT  MEASUREMENT 
Figure  6. 
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APPENDIX  A 

TEST  PLAN  CHANGES  FOR  MIL-STD-l 553B,  NOTICE  2  RTs 


For  remote  terminals  designed  to  comply  with  MIL-STD-l 553B  Notice  2,  the 
following  changes  shall  be  made  for  tests  or  pass  criteria,  or  both,  in  this 
document: 


Al .    Unique  Address:    The  purpose  of  this  test  1s  to  verify  that  the  UUT  can  be 
assigned  a  unique  address  from  an  external  connector  on  the  UUT.  The 
following  shall  be  performed  for  the  UUT: 

Step  1.    Send  a  valid  legal  command  to  the  UUT. 

Step  2.    After  externally  changing  the  RT  address  to  simulate  a  single  point 
address  validation  failure  (for  example,  parity  error  on  the 
address  lines),  repeat  Step  1. 

Note:    Power  cycling  may  be  required  after  externally  changing  the  RT 
address . 

The  pass  criteria  shall  be:    Step  1  -  CS;  Step  2  -  NR. 

A2.    Mode  Codes:    Compliance  with  the  following  paragraphs  is  no  longer  optional: 

5.2.2.2.3    Transmit  Status 

5.2.2.2.6    Transmitter  Shutdown  and  Override 

5.2.2.2.8    Reset  Remote  Terminal 

A3.    Reset  Remote  Terminal:    The  purpose  of  this  test  is  to  verify  that  the  UUT 
has  the  ability  to  recognize  the  reset  terminal  mode  command  and  the  UUT  to 
complete  the  reset  function  within  Its  design  time.    The  following  sequence 
shall  be  performed  once  with  time  T  >  T,jr  and  again  with  time  T  <  T(jr 
(see  Step  2)  where  T<jr  is  the  actual  maximum  design  value  for  reset  time. 
In  no  case  shall  T  be  greater  than  5  ms. 

Step  1.    A  reset  remote  terminal  mode  command  shall  be  sent  to  the  UUT  on 
one  bus. 

Step  2.    After  time  T  from  Step  1,  as  measured  per  Fig.  A-l ,  a  valid  legal 
command  shall  be  sent  to  the  UUT  on  the  same  bus. 

Step  3.    A  valid  legal  transmitter  shutdown  mode  command  shall  be  sent  to 
the  UUT  on  the  same  bus. 

Step  4.    A  valid  legal  command  shall  be  sent  to  UUT  on  the  alternate  bus. 

Step  5.    A  reset  remote  terminal  mode  command  shall  be  sent  to  the  UUT  on 
the  first  bus. 

Step  6.    After  time  T,  repeat  Step  4. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    Step  1  - 
CS;  Step  2  -  CS  (with  BUSY  bit  reset)  for  time  T  >  Tdr,  and  CS,  CS  with 
BUSY  bit  or  NR  (whichever  is  the  design  requirement)  for  T  <  T(jr;  Step  3 
-  CS;  Step  4  -  NR;  Step  5  -  CS;  Step  6  -  CS. 
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A4.    Initiate  Self-Test:    The  purpose  of  this  test  is  to  verify  that  the  UTT  has 
the  ability  to  recognize  the  initiate  self-test  mode  command  and  complete 
self  test  within  its  design  time.    The  following  sequence  shall  be  performed 
once  with  time  T  >  T<jt  and  again  with  the  time  T  <  T^t  (see  Step  2) 
where  T^t  is  the  actual  maximum  design  value  for  self  test  time.    In  no 
case  shall  T  be  greater  than  100  ms. 

Step  1.    An  initiate  self-test  mode  command  shall  be  sent  to  the  UUT  on  one 
bus. 

Step  2.    After  time  T  from  Step  1,  as  measured  per  Fig.  A-l ,  a  valid  legal 
command  shall  be  sent  to  the  UUT  on  the  same  bus.    The  test  shall 
be  performed  with  T  set  to  a  value  determined  by  actual  design 
requirement. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    Step  1  - 
CS;  Step  2  -  CS  (with  BUSY  bit  reset)  for  all  time  T  >  the  time  used  in 
Step  2,  and  CS,  CS  with  BUSY  bit  set  or  NR  (whichever  is  the  design 
requirement)  for  T  <  the  time  used  in  Step  2. 

A5.    Power  On  Response:    The  purpose  of  this  test  is  to  verify  that  the  UUT 
responds  correctly  to  commands  after  power  is  applied  to  the  UUT.  The 
following  test  sequence  shall  be  performed  for  the  UUT  using  the  normal 
power  on  sequence  for  the  UUT. 

Step  1 .    Power  the  UUT  off. 

Step  2.    Send  valid  legal  non-broadcast,  non-mode  commands  to  the  UUT  with  a 

maximum  intermessage  gap  of  1  ms. 
Step  3.    Power  on  the  UUT  and  monitor  all  the  UUT  responses  for  2  s  starting 

from  the  first  transmission  of  the  UUT  after  power  up. 

The  pass  criteria  shall  be:    Step  3  -  NR  until  the  first  UUT  transmission, 
and  CS  for  the  first  transmission  and  all  responses  thereafter. 

A6.    Data  Wrap-Around:    The  purpose  of  this  test  is  to  verify  that  the  UUT 

properly  implements  the  data  wrap-around  capability.    The  following  sequence 
shall  be  performed  with  random  data  patterns  for  each  data  word.  The 
messages  used  shall  contain  the  maximum  number  of  data  words  that  the  RT  1s 
capable  of  transmitting  or  receiving;  that  1s,  the  maximum  word  count  from 
the  set  of  all  messages  defined  for  that  RT. 

Step  1.    Send  a  receive  command  with  the  appropriate  number  of  data  words  to 
the  UUT  at  the  design  requirement  receive  wrap-around  subaddress 
defined  for  the  UUT. 

Step  2.    Send  a  transmit  command  to  the  UUT  with  the  design  requirement 
wrap-around  subaddress  and  with  the  same  word  count  as  Step  1. 

The  pass  criteria  shall  be:    Step  1  -  CS;  Step  2  -  CS  with  each  data  word 
having  the  same  bit  pattern  as  the  corresponding  data  word  in  Step  1. 
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A7.    RT  to  RT  Val idation:    The  following  step  and  pass  criteria  shall  be  added  to 

5.2.2.5.3: 

Step  3.    Following  the  completion  of  Step  2,  a  Transmit  Status  mode  command 
shall  be  Issued  to  the  UUT. 

The  pass  criterion  for  Step  3  is  "ME." 

A8.    Connector  Polarity:    Add  the  following  as  4.2  to  this  document. 

4.2    Connector  Polarity:    When  performing  tests  for  UUT's  that  use 
concentric  connectors  or  inserts  for  each  bus,  observe  polarity 
conventions  in  connecting  to  the  UUT's  such  that  the  center  pin  of  the 
connector  or  insert  shall  be  used  for  the  high  (positive)  Manchester 
bi-phase  signal.    The  Inner  ring  shall  be  used  for  the  low  (negative) 
Manchester  bi-phase  signal. 
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FOREWORD 

This  section  of  the  handbook  provides  a  sample  test  plan  for  MIL-STD-1553B 
that  may  serve  several  different  purposes.    This  section  is  intended  to  be 
noncontractual  when  the  entire  MIL-HDBK-1553  is  referenced  in  an  equipment 
specification  or  SOW.    In  this  case  the  test  plan,  as  well  as  the  rest  of 
the  handbook,  provides  guidance  to  both  the  DOD  procuring  engineer  and  the 
contractor  design  engineer.    This  section  is  intended  to  be  contractual 
when  specifically  called  out  in  a  specification,  SOW,  or  when  required  by  a 
DID.  If  the  contractor  is  required  to  submit  a  test  plan  for  his  RT  to  the 
government,  he  may  remove  this  section  from  the  handbook  and  submit  it  as  a 
portion  of  his  test  plan.    A  better  approach  would  be  to  simply  reference 
this  section.    In  either  case,  any  and  all  contractor  changes,  alterations, 
or  testing  deviations  to  this  section  shall  be  separately  listed  for  easy 
review  by  government  personnel. 
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1.0  SCOPE 

1.1  General.  This  validation  test  plan  defines  the  test  requirements 
fear  verifying  that  the  design  of  remote  terminals  meet  the  requirements  of 
MIL-STD-1553B,  "Digital  Time  Division  Command/Response  Multiplex  Data  Bus." 
A  remote  terminal  is  considered  to  have  failed  to  meet  the  above 
requirements  if  that  remote  terminal  fails  any  test  or  a  portion  of  any 
test  performed  according  to  this  test  plan.  Passing  this  test  plan  does 
not  automatically  mean  that  the  remote  terminal  is  acceptable  for  use  by 
the  government.  The  remote  terminal  must  also  meet  all  the  requirements  of 
MIL-STD-1553B  over  all  the  environmental,  EKE,  vibration,  and  application 
requirements  in  the  sub-system  specification. 

1.2  Application.  This  general  test  plan  is  intended  for  design 
verification  of  remote  terminals  designed  to  meet  the  requirements  of 
MIL-STD-1553B,  Notice  2.  Appendix  A  and  B  provide  cross  references  between 
this  test  plan  and  MIL-STD-1553B.  For  those  remote  terminals  not  required 
to  meet  Notice  2,  Appendix  C  and  D  list  the  changes  in  this  test  plan  for 
MIL-STD-1553B  only  and  MIL-STD-1553B,  Notice  1.  These  requirements  shall 
apply  to  the  terminal  under  test,  when  invoked  in  a  specification  or 
statement  of  work. 

2.0  APPLICABLE  DOCUMENTS 

2.1  Standards 

MILITARY 

MIL-STD-1553  Digital  Time  Division  Command/Response  Multiplex 

Data  Bus 

3.0  DEFINITIONS 

3.1  Responses.  The  following  are  definitions  of  the  responses  of  the  RT 
as  used  in  this  test  plan.  In  each  case  the  status  word  must  have  the 
correct  terminal  address  and  unused  status  bits  set  to  zero. 

3.1.1  Broadcast  command  received  (BCR).  The  broadcast  command  received 
bit  (bit  time  fifteen)  is  set  in  status  word  (and  no  data  words  in  response 
to  a  transmit  status  mode  command  or  a  single  data  word  in  response  to  a 
transmit  last  caimand  mode  command) . 

3.1.2  Busy  bit  (BUSY) .  CS  with  the  busy  bit  (bit  time  sixteen)  set  in 
the  status  word,  and  no  data  words. 

3.1.3  Clear  status  (CS).     The  status  word  may  have  the  busy  bit  and/or 
service  request  bit  set.     All  other  status  code  bits  in  the  status  word 
must  be  zero  and  the  associated  message  must  have  the  proper  word  count. 

3.1.4  Dynamic  bus  acceptance  bit  (DBA).    CS  with  the  dynamic  bus  control 
acceptance  bit  (bit  time  eighteen)  set  in  the  status  word. 
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3.1.5  Service  request  bit  (SRB).  CS  with  the  service  request  bit  (bit 
time  eleven)  set  in  the  status  word. 

3.1.6  Message  error  bit  (ME).  The  message  error  bit  (bit  time  nine)  is 
set  in  the  status  word  and  no  data  words  (except  in  response  to  a  transmit 
last  command  mode  command  which  requires  one  data  word). 

3.1.7  No  response  (NR).  The  addressed  terminal  does  not  produce  any 
response  to  the  command. 

3.1.8  Respond  in  form.      A  terminal  is  said  to  "respond  in  form"  if  its 
response  to  an  illegal  command  as  defined  in  the  paragraph  titled  "Illegal 
command"  of  MIL-STD-1553  consists  of  a  response  formatted  as  though  it  were 
a  legal  command. 

3.1.9  Subsystem  flag  bit  (SF).     CS  with  the  subsystem  flag  bit  (bit  time 
seventeen)  set  in  the  status  word. 

3.1.10  Terminal  flag  bit  (TF).  CS  with  the  terminal  flag  bit  (bit  time 
nineteen)  set  in  the  status  word. 

4.0  GENERAL  REQUIREMENTS 

4.1  General  test  requirements.  The  following  paragraphs  define  the  con- 
figurations, pass/fail  criteria,  and  general  procedures  for  testing  remote 
terminals  (RT).  Specifically,  this  document  contains  the  test 
configurations  and  procedures  for  the  Electrical  Tests  (5.1),  the  Protocol 
Tests  (5.2),  and  the  Noise  Rejection  Test  (5.3)  for  MIL-STD-1553  remote 
terminals.  The  remote  terminal  under  test  is  referred  to  as  the  unit  under 
test  (UUT).  Proper  terminal  responses  are  defined  in  each  test  paragraph. 
If  the  hardware/software  design  of  the  UUT  does  not  permit  a  test  to  be 
performed,  then  adequate  analysis  shall  be  provided  in  place  of  the  test 
results  to  demonstrate  that  the  design  meets  the  requirements  of 
MIL-STD-1553  as  stated  in  the  test. 

Any  condition  which  causes  the  UUT  to  respond  other  than  as  called  out  in 
MIL-STD-1553,  to  lock  up,  or  require  a  power  cycle  in  order  to  recover  for 
any  reason  shall  automatically  cause  that  UUT  to  fail  the  test.  All 
occurrences  of  responses  with  the  busy  bit  set  in  the  status  word  shall  be 
recorded.  If  the  UUT  response  does  not  match  the  pass  criteria  for  a 
particular  test,  then  the  UUT  has  failed  that  test. 

4.2  Tests  for  optional  requirements.  All  tests  for  optional  requirements 
defined  in  5.2.2  shall  be  executed  if  that  MIL-STD-1553  option  is  required 
by  the  subsystem  specification  or  interface  control  document  (ICE).  Any 
optional  capabilities  implemented  in  the  RT  should  also  be  tested,  if 
possible.  Within  the  constraints  imposed  by  the  hardware/software  design, 
optional  capabilities  must  be  tested  prior  to  use  by  system  integrators. 
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4.3  General  monitoring  requirement.  In  addition  to  the  specific  tests 
that  follow,  certain  RT  parameters  must  be  continuously  monitored 
throughout  all  tests.    These  parameters  are: 

a.  response  time 

b.  contiguous  data 

c.  proper  Manchester  encoding 

d.  proper  bit  count 

e.  odd  parity 

f .  proper  word  count 

g.  proper  terminal  address  in  the  status  word 

h.  reserved  status  and  instrumentation  bits 
in  the  status  word  are  set  to  zero 

i.  proper  sync 

The  UUT  shall  have  failed  the  test  if  at  any  time  during  the  test  any  of 
these  parameters  fail  to  meet  the  requirements  of  MIL-STD-1553.  Record  the 
parameters  for  all  failures. 

5.0  DETAILED  REQUIREMENTS 

5.1  Electrical  tests.  Each  test  paragraph  contains  the  requirements  for 
both  transformer  and  direct  coupled  stubs.  A  UUT  which  provides  both 
transformer  and  direct  coupled  stubs  must  be  tested  on  both  stubs. 
Electrical  tests  shall  be  performed  on  all  buses  for  UUTs  with  redundant 
bus  configurations. 

5.1.1  Output  characteristics .  The  following  tests  are  designed  to  verify 
that  all  UUT  output  characteristics  comply  with  MIL-STD-1553.  These  tests 
shall  be  performed  after  establishing  communications  between  the  test 
equipment  and  the  UUT.  All  output  electrical  tests  shall  use  figure  1A, 
General  Resistor  Pad  Configuration,  with  all  measurements  taken  at  point 
"A",  unless  otherwise  noted. 

5.1.1.1  Amplitude.  A  valid,  legal  transmit  command  shall  be  sent  to  the 
UUT,  requesting  the  maximum  number  of  words  that  it  is  capable  of  sending. 
The  amplitude  of  the  waveform  transmitted  by  the  UUT  shall  be  measured, 
peak-to-peak,  as  shown  on  figure  2. 

The  pass  criteria  for  Vpp  for  transformer  coupled  stubs  shall  be  18.0  V 
minimum,  and  27.0  V  maximum.  The  pass  criteria  for  Vpp  for  direct  coupled 
stubs  shall  be  6.0  V  minimum  and  9.0  V  maximum.  The  maximum  and  minimum 
measured  parameters,  Vpp,  shall  be  recorded. 

5.1.1.2  Risetime/falltime.  A  valid,  legal  transmit  command  shall  be  sent 
to  the  UUT,  requesting  at  least  one  data  word.  The  rise  and  fall  time  of 
the  UUT  waveform  shall  be  measured  between  the  10%  and  90%  points  of  the 
waveform  as  shown  on  figure  2.  The  measurements  shall  be  taken  at  both  the 
rising  and  falling  edges  of  a  sync  waveform  and  a  data  bit  waveform.  The 
risetime  (Tr)  and  the  falltime  (Tf )  shall  be  recorded. 
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The  pass  criteria  shall  be  100  ns  <  Tr  <  300  ns  and  100  ns  <_  Tf  <_  300ns. 
The  measured  parameters,  Tr  and  Tf ,  shall  be  recorded. 

Note:  The  risetime  of  the  sync  waveform  shall  be  measured  at  the 
mid-crossing  of  a  data  word  sync,  and  the  fall  time  of  the  sync  waveform 
shall  be  measured  at  the  mid-crossing  of  the  status  word  sync. 

5.1.1.3  Zero  crossing  stability.      A  valid  legal  transmit  command  shall  be 
sent  to  the  UOT,  requesting  the  UOT  to  transmit  words  having  zero  crossing 
time  intervals  of  500  ns,  1000  ns,  1500  ns  and  2000  ns.    The  zero  crossing 
time  shall  be  measured  for  both  the  positive  (Tzcp)  and  the  negative  (Tzcn) 
waveforms  as  shown  on  figure  3. 

The  pass  criteria  for  each  case  shall  be  that  Tzcp  and  Tzcn  =  500  +  25  ns, 
1000  +  25  ns,  1500  +  25  ns  and  2000  +  25  ns.  The  measured  parameters,  Tzcp 
and  Tzcn  shall  be  recorded  for  each  case. 

5.1.1.4  Distortion,  overshoot  and  ringing.    A  valid  legal  transmit  command 
shall  be  sent  to  the  UOT,  requesting  the  UOT  to  transmit  at  least  one  data 
word.    The  distortion  of  the  waveform,  distortion  voltage  (VD)  shall  be 
measured  as  indicated  on  figure  2. 

Pass  criteria  shall  be  VD  £  +  900  mV  peak,  line-to-line,  far  transformer 
coupled  stubs  or  VD  £  +  300  mV  peak,   line-to-line,    for  direct  coupled 
stubs.    The  worst  measured  parameter,  VD,  shall  be  recorded. 

5.1.1.5  Output  symmetry.  A  valid  legal  transmit  command  shall  be  sent  to 
the  UOT  requesting  the  maximum  number  of  data  words  that  the  UOT  is  capable 
of  transmitting.  The  output  symmetry  is  determined  by  measuring  the 
waveform  tail-off  at  the  end  of  each  message.  The  maximum  residual  voltage 
(Vr)  shall  be  measured  as  shown  on  figure  2.  This  test  shall  be  run  six 
times  with  each  data  word  in  the  message  having  the  same  bit  pattern.  The 
six  data  word  bit  patterns  that  shall  be  used  are: 

8000(HEX),  7FFF(HEX),  0000 (HEX),  FFFF(HEX), 
5555 (HEX),  and  AAAA(HEX) 

The  pass  criteria  shall  be  Vr  <  +  250  mV  peak,  line-to-line,  for 
transformer  coupled  stubs  and  Vr  <_  +  90  mV  peak,  line-to-line,  for  direct 
coupled  stubs  after  time  Tt  (the  time  beginning  2.5  us  after  the  mid-bit 
zero  crossing  of  the  last  parity  bit).  The  measured  parameter,  Vr,  shall 
be  recorded  for  each  bit  pattern. 

5.1.1.6  Output  noise.  The  test  configuration  shown  on  figure  4  shall  be 
used  to  test  the  UOT  inactive  bus  output  noise  levels.  The  test  shall  be 
conducted  while  the  UOT  is  in  the  power-cn  receive  state  and  the  power-off 
state.  The  output  noise  (Vrms)  shall  be  measured  at  point  "A"  as  shown  on 
figure  4  for  both  states.  Measurements  shall  be  made  with  an  instrument 
that  has  a  minimum  frequency  bandwidth  of  DC  to  10  MHz. 

The  pass  criteria  shall  be  Vrms  <^ 14.0  mV  for  transformer  coupled  stubs  and 
Vrms  <^  5.0  mV  for  direct  coupled  stubs.  The  measured  parameter,  Vrms, 
shall  be  recorded  for  each  case. 
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5.1.1.7  Output  isolation.  This  test  shall  be  performed  only  if  the  UUT  is 
configured  with  redundant  buses.  A  valid  legal  transmit  command  shall  be 
sent  to  the  UUT  requesting  the  maximum  number  of  data  words  that  it  is 
capable  of  sending.  The  voltage  of  the  output  waveform  transmitted  by  the 
UUT  shall  be  measured  on  the  active  and  redundant  bus  (or  buses).  Each 
data  bus  shall  be  alternately  activated  and  measurements  taken. 

The  pass  criteria  shall  be  that  the  ratio  in  dB  between  the  output  peak-to- 
peak  voltage  en  the  active  bus  and  the  output  peak-to-peak  voltage  on  all 
inactive  buses  shall  be  greater  than  or  equal  to  45dB  (figure  5).  The 
measured  parameter,  output  isolation,  expressed  as  a  ratio  in  dB,  shall  be 
recorded  for  each  bus  combination. 

5.1.1.8  Power  on/off. 

5.1.1.8.1  Power  on/off  noise.  A  UUT  shall  limit  any  spurious  differential 
output  during  a  power-up  or  power-down  sequence.  Power  shall  be  applied  to 
the  UUT  and  any  outputs  from  the  UUT  shall  be  measured.  Power  shall  be 
removed  from  the  UUT  and  any  output  from  the  UUT  shall  be  measured.  Repeat 
the  test  ten  times. 

The  pass  criteria  shall  be: 

a.  For  transformer  coupled  stubs  any  spurious  noise  pulses  produced 
shall  be  less  than  or  equal  to  +  250  mV  peak,  line-to- line. 

b.  Far  direct  coupled  stubs  any  spurious  noise  pulses  produced  shall 
be  less  than  or  equal  to  +_  90  mV  peak,  line-to-line. 

All  measured  parameters,  output  noise  amplitudes  and  pulse  widths,  shall  be 
recorded. 

Note:  This  test  shall  be  performed  using  the  normal  on/off  power  sequence 
of  the  UUT. 

5.1.1.8.2  Power  on  response.  The  purpose  of  this  test  is  to  verify  that 
the  UUT  responds  correctly  to  commands  after  power  is  applied  to  the  UUT. 
Using  the  normal  power  on  sequence  for  the  UUT,  repeat  the  following  test 
sequence  a  minimum  of  ten  times. 

Step  1.      Power  the  UUT  off. 

Step  2.  Send  valid,  legal,  non-broadcast,  non-mode  commands  to  the 
UUT  with  a  maximum  intermessage  gap  of  1  ms. 

Step  3.  Power  on  the  UUT  and  observe  all  the  responses  for  a  minimum 
of  2  s  from  the  first  transmission  of  the  UUT  after  power 
on. 

The  pass  criteria  shall  be:  step  3  -  NR  until  the  first  UUT  transmission, 
and  CS  for  the  first  transmission  and  all  responses  thereafter. 
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5.1.1.9  Terminal  response  time.  The  purpose  of  this  test  is  to  verify  that  the 
UUT  responds  to  messages  within  the  proper  response  time.  The  test  sequence 
shown  below  shall  be  performed. 

Step  1.  A  valid  legal  transmit  command  shall  be  sent  to  the  UUT  and  the 
response  time  measured. 

Step  2.  A  valid  legal  receive  command  shall  be  sent  to  the  UUT  and  the 
response  time  measured. 

Step  3.  A  valid  legal  RT-to-RT  command,  with  the  UUT  as  the  receiving 
terminal,  shall  be  sent  to  the  UUT  and  the  response  time 
measured. 

Step  4.  A  valid  legal  mode  command  shall  be  sent  to  the  UUT  and  the 
response  time  measured. 

The  pass  criteria  for  step  1,  step  2,  step  3,  and  step  4  shall  be  a  response 
time  between  4.0  and  12.0  us  at  point  A  of  figure  1A  and  measured  as  shown  on 
figure  7.    The  command  words  used  and  the  response  times  shall  be  recorded. 

5.1.1.10  Frequency  stability.  The  purpose  of  this  test  is  to  verify  that  the 
transmitter  clock  in  the  UUT  has  the  proper  accuracy  and  long  term  stability 
and  proper  short  term  stability.  The  transmitter  clock  measured  shall  be 
either  the  main  oscillator  output  or  an  appropriate  derivative  of  that  clock 
(e.g.,  either  the  16  MHz  oscillator  or  the  1-2  MHz  transmitter  shift  clock). 
The  test  sequence  shown  below  shall  be  performed  on  the  clock  output  whose 
ideal  frequency  is  Fi. 

Step  1.  The  short  term  transmitter  clock  frequency  shall  be  measured  for  a 
single  period  of  the  waveform. 

Step  2.  Repeat  step  1  for  at  least  10,000  samples  and  record  the  minimum 
(Fsmin)  and  the  maximum  (Fsmax)  frequency  from  the  samples  taken. 

Step  3.  The  transmitter  clock  frequency  shall  be  measured  with  a  gate  time  of 
0.1  s  and  the  mean  frequency  for  at  least  1,000  samples  (Fav)  shall 
be  recorded. 

The  pass  criteria  shall  be: 

Step  1  and  step  2  -  Ssl  =  100( Fsmax  -  Fav) /Fav  <^  0.01  and 
Ss2  =  100(Fav-Fsmin)/Fav  <_0.01; 

Step  3  -  the  magnitude  of  SI  =  100(Fav-Fi)/Fi  £  0.1.  Record  Ssl,  Ss2  and  SI. 

5.1.2  Input  characteristics .  The  input  tests  are  designed  to  verify  that 
multiplex  devices  can  properly  decode  bi -phase  data.  All  input  electrical 
tests  shall  use  figure  1A  or  figure  IB  with  all  measurements  taken  at  point 
"A,"  unless  otherwise  noted.  For  Air  Force  applications,  all  input  electrical 
tests  shall  use  figure  IB,  with  all  measurements  taken  at  point  "A"  unless 
otherwise  noted. 
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5.1.2.1    Input  waveform  compatibility. 

5.1.2.1.1  Zero  crossing  distortion.  A  legal  valid  receive  message  shall 
be  sent  to  the  UUT  and  the  proper  response  verified.  Positive  and  negative 
zero  crossing  distortions  equal  to  N  ns,  with  respect  to  the  previous  zero 
crossing  shall  be  introduced  individually  to  each  zero  crossing  of  each 
word  transmitted  to  the  UUT.  The  transmitted  signal  amplitude  at  point  "A" 
shall  be  2.1  Vpp  for  transformer  coupled  stubs  and  3.0  Vpp  for  direct 
coupled  stubs.  The  rise  and  fall  time  of  the  transmitted  message  (measured 
at  a  data  bit  zero  crossing  with  the  prior  zero  crossing  and  the  next  zero 
crossing  at  500  ns  intervals  from  the  measured  zero  crossing)  measured  at 
point  "A"  shall  be  200  ns  +  20  nS.  Each  zero  crossing  distortion  shall  be 
transmitted  to  the  UUT  a  minimum  of  1000  times. 

The  pass  criteria  is  the  transmission  of  a  CS  by  the  UUT  for  each  zero 
crossing  distortion  sent  with  N  >^  150  ns.     Positive  and  negative  zero 
crossing  distortions  shall  then  be  applied  in  turn  to  a  single  zero 
crossing  and  adjusted  to  determine  the  values  at  which  the  first  NR  of  the 
UUT  occurs;  these  values  shall  be  recorded. 

The  fail  criteria  is  the  transmission  of  a  NR  by  the  UUT  for  any  zero 
crossing  distortion  sent  with  N  <_  150  ns. 

5.1.2.1.2  Amplitude  variations.  A  legal  valid  receive  message  shall  be 
sent  to  the  UUT.  The  transmitter's  voltage,  as  measured  at  point  "A"  of 
figure  1A  or  figure  IB,  shall  be  decremented  from  6.0  Vpp  to  0.1  Vpp  for 
transformer  coupled  stubs  and  from  9.0  Vpp  to  0.1  Vpp  for  direct  coupled 
stubs  in  steps  no  greater  than  0.1  Vpp.  The  rise  and  fall  time  of  the 
transmitted  message  (measured  at  a  data  bit  zero  crossing  with  the  prior 
zero  crossing  and  the  next  zero  crossing  at  500  ns  intervals  from  the 
measured  zero  crossing)  measured  at  point  "A"  shall  be  200  ns  +  20  ns.  The 
response  of  the  UUT  shall  be  observed  at  each  step.  A  minimum  of  1000 
messages  shall  be  transmitted  for  each  setting. 

The  pass  criteria  shall  be: 

a.  A  CS  for  0.86  £  Vpp  <^  6.0  for  transformer  coupled  stubs  and 
1.2  <  Vpp  <_  9.0  for  direct  coupled  stubs 

b.  A  NR  for  Vpp  <^  0.20  for  transformer  coupled  stubs  and  Vpp  <  0.28 
for  direct  coupled  stubs 

The  measured  parameter,  Vpp,  at  which  NR  first  occurs  shall  be  recorded. 

5.1.2.1.3  Rise  and  fall  time. 

5.1.2.1.3.1  Trapezoidal .  A  minimum  of  1000  valid  receive  messages  shall 
be  sent  to  the  UUT  with  a  signal  amplitude  of  2.1  Vpp  for  the  transformer 
coupled  stub  and  3.0  Vpp  for  the  direct  coupled  stub.  The  rise  and  fall 
times  of  the  signal  shall  be  less  than  or  equal  to  100  ns. 

The  pass  criteria  shall  be  CS  by  the  UUT  for  each  message. 
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5.1.2.1.3.2  Sinusoidal.  A  nuxiimum  of  1000  valid  receive  messages  shall  be 
sent  to  the  UUT  with  a  signal  amplitude  of  2.1  Vpp  for  the  transformer 
coupled  stub  and  3.0  Vpp  for  the  direct  coupled  stub.  The  rise  and  fall 
times  of  the  signal  shall  approximate  that  of  a  1  MHz  sinusoidal  signal. 

The  pass  criteria  shall  be  CS  by  the  UUT  for  each  message. 

5.1.2.2  Common  mode  rejection.  The  common  mode  test  configuration,  figure 
6A  or  figure  6B,  shall  be  used  for  this  test.  Legal  valid  receive  messages 
with  the  UUT's  maximum  word  count  shall  be  sent  to  the  UUT  at  a  repetition 
rate  which  generates  a  bus  activity  duty  cycle  of  50%  +  10%  with  a  common 
mode  voltage  injected  at  point  "C",  and  the  UUT  response  observed.  The 
voltage  of  the  transmitted  message  measured  at  point  "A"  shall  be  0.86  Vpp 
for  transformer  coupled  stubs  and  1.2  Vpp  for  direct  coupled  stubs.  The 
rise  and  fall  time  of  the  transmitted  message  (measured  at  a  data  bit  zero 
crossing  with  the  prior  zero  crossing  and  the  next  zero  crossing  at  500  ns 
intervals  from  the  measured  zero  crossing)  measured  at  point  "A"  shall  be 
200  ns  +20  ns.  The  following  common  mode  voltage  levels  shall  be  applied 
in  turn:  +10.0  V.D.C.  line-to-ground,  -10.0  V.D.C.  line-to-ground  and  +  10 
Vp  line-to-ground  sinusoidal  signal  that  is  swept  through  the  range  of  1  Hz 
to  2  MHz.  Each  test  condition  shall  be  present  for  a  minimum  time  period 
of  90  seconds. 

The  pass  criteria  shall  be  a  CS  by  the  UUT  for  all  messages  at  each 
setting.  If  a  failure  occurs,  the  measured  parameter,  common  mode  signal 
injected  shall  be  recorded. 

5.1.2.3  Input  imppdance.  The  input  impedance  of  the  UUT  in  a  stand  alone 
configuration  (i.e.,  disconnected  from  figure  1A  or  IB)  shall  be  measured 
with  the  UUT  power  cn  and  with  the  UUT  power  off.  The  input  impedance, 
Zin,  shall  be  measured  with  a  sinusoidal  waveform  having  an  amplitude  1.0 
VRMS  to  2.0  VRMS,  at  the  following  frequencies:  75.0  kHz,  100.0  kHz,  250.0 
kHz,  500.0  kHz  and  1.0  MHz. 

The  pass  criteria  shall  be  Zin  >^  1000  ohms  for  transformer  coupled  stubs 
and  Zin  >_  2000  ohms  for  direct  coupled  stubs.  The  measured  parameter,  Zin, 
shall  be  recorded  at  each  frequency. 

5.2  Protocol  tests.  All  tests  in  this  section  shall  use  the  test  config- 
uration as  shown  cn  figure  1A  or  figure  IB.  The  test  signal  amplitude 
shall  be  3.0  Vpp  +  0.1  Vpp  far  direct  coupled  stubs  and  2.1  Vpp  +  0.1  Vpp 
for  transformer  coupled  stubs  measured  at  point  A.  For  UUTs  having  both 
direct  and  transformer  coupled  stubs,  the  protocol  tests  need  only  be 
performed  on  one  stub  type  per  bus.  The  protocol  tests  shall  be  performed 
on  all  buses  for  UUTs  with  redundant  bus  configurations. 

5.2.1    Required  remote  terminal  operation.    The  following  tests  verify 
required  operations  of  a  remote  terminal. 

5.2.1.1  Response  to  command  words.  The  purpose  of  this  test  is  to  verify 
that  the  UUT  responds  properly  to  all  commands. 
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5.2.1.1.1  RT  response  to  command  wards.  All  possible  command  words 
(65,536  combinations)  meeting  the  criteria  of  the  paragraph  on  "Word 
validation"  of  MIL-STD-1553  shall  be  sent  to  the  UUT.  Mode  commands  tested 
in  5.2.1.5,  5.2.2.1  or  5.2.2.4  may  be  omitted  from  this  test  since  they  are 
tested  separately.  Each  command  word  shall  be  followed  by  the  proper 
number  of  contiguous  valid  data  words  as  defined  in  the  paragraph  on 
"Message  formats"  of  MIL-STD-1553.  Refer  to  table  I  for  undefined  mode 
commands.  The  associated  data  may  be  either  random  or  controlled, 
depending  on  the  UUT  requirements.  The  following  sequence  shall  be 
executed  for  all  combinations  of  command  words  where  the  varying  command 
word  is  sent  as  step  2. 

Step  1.    Send  a  valid  legal  non-broadcast  non-mode  command  to  the  UUT 

Step  2.    Send -the  variable  command  word  to  the  UUT. 

Step  3.    Send  a  transmit  last  command  mode  command  to  the  UUT.  (If 
this  mode  command  is  not  implemented,  then  a  transmit  status 
mode  command  shall  be  used  and  the  data  word  associated  with 
transmit  last  command  mode  command  shall  be  deleted  from  the 
pass  criteria. ) 

The  pass  criteria  given  below  is  contingent  on  the  type  of  command  sent. 
All  commands  which  cause  the  UUT  to  fail  shall  be  recorded. 

Non-Broadcast  Commands  (including  mode  commands): 

a.  Valid  legal  commands:  step  1-  CS;  step  2-  CS;  step  3-  CS  and  the 
data  word  contains  the  command  word  bit  pattern  from  step  2  (except  for 
transmit  last  command  mode  command  where  the  data  word  contains  the  command 
word  bit  pattern  from  step  1). 

b.  Valid  illegal  commands: 

(1)  If  illegal  command  detection  option  is  implemented:  step  1-  CS; 
step  2-  ME  with  no  data  words;  step  3-  ME  and  the  data  word  contains  the 
command  word  bit  pattern  from  step  2. 

(2)  If  the  illegal  command  detection  option  is  not  implemented: 
step  1-  CS;  step  2-  CS;  step  3-  CS  and  the  data  word  contains  the  command 
word  bit  pattern  from  step  2. 

c.  Invalid  command  (wrong  RT  address):  step  1-  CS;  step  2-  NR;  step 
3-  CS  and  the  data  word  contains  the  command  word  bit  pattern  from  step  1. 

d.  Undefined  mode  commands  (see  table  I)  (any  single  set  (1),  (2), 
(3),  (4),  is  acceptable): 

(1)  step  1-  CS;  step  2-  CS;  step  3-  CS  and  the  data  word  contains  the 
command  word  bit  pattern  addressed  to  the  UUT  from  step  2. 

(2)  step  1-  CS;  step  2-  ME;  step  3-  ME  and  the  data  word  contains  the 
word  bit  pattern  addressed  to  the  UUT  from  step  2. 

(3)  step  1-  CS;  step  2-  NR;  step  3-  CS  and  the  data  word  contains  the 
command  word  bit  pattern  addressed  to  the  UUT  from  step  1. 

(4)  step  1-  CS;  step  2-  NR;  step  3-  ME  and  the  data  word  contains  the 
command  word  bit  pattern  addressed  to  the  UUT  from  step  2. 
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TABLE  I.    MIL-STD-1553B  undefined  mode  codes. 


ASSOCIATED 

T/R  MODE  CODE  DATA  WORD 


00000 


NO 


0 

01111 

NO 

0 

10000 

YES 

0 

10010 

YES 

0 

10011 

YES 

1 

10001 

YES 

1 

10100 

YES 

1 

10101 

YES 

Broadcast  Commands  (including  mode  commands): 

e.  If  there  are  any  broadcast  commands  that  are  considered  as  valid 
commands: 

(1)  Legal  commands:  step  1-  CS;  step  2-  NR;  step  3-  BCR  and  the  data 
word  contains  the  command  word  bit  pattern  from  step  2. 

(2)  Illegal  commands  (if  illegal  command  detection  is  implemented): 
step  1-  CS;  step  2-  NR;  step  3-  BCR  and  ME  and  the  data  word  contains  the 
command  word  bit  pattern  from  step  2. 

(3)  Illegal  commands  (if  illegal  caimand  detection  is  not  imple- 
mented):   step  1-  CS;  step  2-  NR;  step  3-  BCR  and  the  data  word  contains 
the  command  word  bit  pattern  from  step  2. 

f .  If  there  are  no  broadcast  commands  that  are  considered  as  valid 
commands:     step  1-  CS;  step  2-  NR;  step  3-  CS  and  the  data  word  contains 
the  command  word  bit  pattern  from  step  1. 

g.  Undefined  broadcast  mode  commands  (see  table  I)  (any  single  set 
(1),  (2),  (3)  is  acceptable): 

(1)  step  1-  CS;  step  2-  NR;  step  3-  BCR  and  the  data  word  contains 
the  command  word  bit  pattern  from  step  2. 

(2)  step  1-  CS;  step  2-  NR;  step  3-  ME  and  BCR  and  the  data  word 
contains  the  command  word  bit  pattern  from  step  2. 

(3)  step  1-  CS;  step  2-  NR;  step  3-  CS  and  the  data  word  contains  the 
command  word  bit  pattern  from  step  1. 
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5.2.1.1.2  RT-RT  response  to  command  words.  All  possible  command  words 
(65,536  combinations)  meeting  the  criteria  of  the  paragraph  on  "Word 
validation"  of  MIL-STD-1553  shall  be  sent  to  the  UUT  embedded  in  an  RT-RT 
message  format.  The  test  equipment  shall  supply  the  required  responses  for  the 
other  RT  in  order  to  properly  complete  the  message  formats  as  defined  in 
paragraph  on  "Message  format"  of  MIL-STD-1553.  Refer  to  table  I  for  undefined 
mode  commands.  The  associated  data  may  be  either  random  or  controlled, 
depending  on  the  UUT  requirements.  The  intent  of  this  test  is  for  the  UUT  to 
be  the  receiving  RT  for  half  of  the  command  ccmbinations  (i.e.,  T/R  bit=0)  and 
the  transmitting  RT  for  the  rest  of  the  command  ccmbinations  (i.e.,  T/R  bit=l). 
The  following  sequence  shall  be  executed  for  all  ccmbinations  of  command  words 
where  the  varying  command  word  is  sent  as  step  2. 

Step  1.    Send  a  valid  legal  non-broadcast  non-mode  command  to  the  UUT. 
Step  2.    Send  the  variable  command  word  to  the  UUT  embedded  in  the  RT-RT 
message  format. 

Step  3.  Send  a  transmit  last  command  mode  command  to  the  UUT.  (If  this 
mode  command  is  not  implemented,  then  a  transmit  status  mode  command  shall  be 
used  and  the  data  word  associated  with  transmit  last  command  mode  command  shall 
be  deleted  from  the  pass  criteria. ) 

The  pass  criteria  shall  be  as  listed  in  5.2.1.1.1,  except  the  pass  criteria  for 
any  RT-RT  mode  command  is  as  specified  in  5.2.1.1.1.d  and  the  pass  criteria  for 
any  broadcast  RT-RT  mode  command  shall  be  as  specified  in  5.2.1.1.1.g. 

5.2.1.2    Intermessage  gap 

5.2.1.2.1  Mini  ram  time.    The  purpose  of  this  test  is  to  verify  that  the  UUT 
responds  properly  to  messages  with  a  minimum  intermessage  gap.     The  message 
pairs  listed  in  table  II  shall  be  sent  to  the  UUT  with  the  minimum  inter- 
message gaps  as  defined  in  the  paragraph  on  "Intermessage  gap"  of  MIL-STD- 
1553.    Each  message  pair  shall  be  sent  to  the  UUT  a  minimum  of  1,000  times. 
Message  pairs  which  include  commands  not  implemented  by  the  UUT  shall  be 
deleted  from  the  test.    Each  message  pair  shall  have  an  intermessage  gap  time 
(T)  of  4.0  us  as  shown  on  figure  7. 

The  pass  criteria  for  this  test  is  CS  for  each  message.    All  message  pairs 
used  shall  be  recorded  and  message  pairs  which  cause  the  UUT  to  fail  the  test 
shall  be  indicated. 

5.2.1.2.2  Transmission  rate.  The  purpose  of  this  test  is  to  verify  that  the 
UUT  responds  properly  to  messages  sent  for  a  sustained  period  with  a  minimum 
intermessage  gap.  The  messages  listed  in  each  step  shall  be  sent  with  an 
intermessage  gap  of  7  us  +  3  us,  i.e.  a  burst  of  messages  with  an  intermessage 
gap  of  7  us  +  3  us  between  each  message  as  shown  on  figure  7.  Each  step  shall 
be  performed  for  a  minimum  of  30  s. 

Step  1.  A  valid  legal  transmit  message  followed  by  a  valid  legal  transmit 
message. 

Step  2.  A  valid  legal  receive  message  followed  by  a  valid  legal  receive 
message. 
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TABLE  II.    Intermessage  gap  messages. 


COMMAND  TYPES 

A)  BC  to  UUT  Transfer  (maximum  word  count) 

B)  UUT  to  BC  Transfer  (maximum  word  count) 

C)  UUT/RT  (maximum  word  count) 

D)  RT/UUT  (maximum  word  count) 

E)  Mode  Command  Without  Data  Word 

F)  Mode  Command  With  Data  Word  (Transmit) 

G)  Mode  Command  With  Data  Word  (Receive) 

H)  EC  to  UUT  Transfer  (Broadcast) (maximum  word  count) 

I)  UUT/RT  (Broadcast) (maximum  word  count) 
j)  RT/UUT  ( Broadcast  M  maximum  word  count) 

K)  Mode  Command  Without  Data  Word  (Broadcast) 
L)  Mode  Command  With  Data  Word  (Broadcast) 

MESSAGE  PAIRS 


1) 

A 

(GAP) 

A 

2) 

B 

(GAP) 

A 

3) 

C 

(GAP) 

A 

4) 

D 

(GAP) 

A 

5) 

E 

(GAP) 

A 

6) 

F 

(GAP) 

A 

7) 

G 

(GAP) 

A 

8) 

H 

(GAP) 

A 

9) 

I 

(GAP) 

A 

10) 

J 

(GAP) 

A 

11) 

K 

(GAP) 

A 

12) 

L 

(GAP) 

A 

Note:    This  table  defines  the  types  and  combinations  of 
messages  to  be  used  in  test  5.2.1.2,  e.g.,  pair  number  2 
specifies  a  transmit  ccmmand  with  the  maximum  word  count 
to  be  followed  (after  the  minimum  intermessage  gap  time 
specified  in  the  paragraph  on  "Intermessage  gap"  of 
MIL-STD-1553 )  by  a  receive  command  with  the  maximum  word 
count. 

UUT/RT:    denotes  RT  to  RT  transfer  with  UUT  receiving 
RT/UUT:    denotes  RT  to  RT  transfer  with  UUT  transmitting 
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Step  3.    A  valid  legal  transmit  message  followed  by  a  valid  legal  receive 
message. 

The  pass  criteria  for  this  test  is  a  CS  for  each  message.    All  messages  which 
cause  the  UUT  to  fail  the  test  shall  be  recorded. 

Note:  If  the  busy  bit  gets  set,  then  increase  the  intermessage  gap  until  the 
busy  bit  is  reset.  At  this  time  record  the  intermessage  gap  and  repeat  steps 
1  thru  3  until  the  test  is  completed  without  the  busy  bit  getting  set. 

5.2.1.3    Error  injection.    The  purpose  of  these  tests  is  to  examine  the  UUT's 
response  to  specific  errors  in  the  message  stream.    Unless  otherwise  noted, 
the  following  test  sequence  shall  be  used  for  all  error  injection  tests.  The 
error  to  be  encoded  in  step  2  for  a  given  message  is  specified  in  each  test 
paragraph. 

Test  sequence: 

Step  1.    A  valid  legal  message  shall  be  sent  to  the  UUT.    A  mode  command 
shall  not  be  used. 

Step  2.    A  legal  message  containing  the  specified  error  shall  be  sent  to 
the  UUT. 

Step  3.    A  transmit  status  mode  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  is  defined  in  each  test  paragraph.    All  commands  and 
responses  shall  be  recorded. 

5.2.1.3.1  Parity.  The  purpose  of  these  tests  is  to  verify  the  UUT's  capabi- 
lity of  detecting  parity  errors  embedded  in  different  words  within  a  message. 

5.2.1.3.1.1  Transmit  command  word.    This  test  verifies  the  ability  of  the  UUT 
to  detect  a  parity  error  occurring  in  a  transmit  command  word.    The  test 
sequence  as  defined  in  5.2.1.3  shall  be  performed  with  a  parity  error  encoded 
into  a  transmit  command  word  for  test  step  2. 

The  pass  criteria  for  this  test  shall  be:  step  1-  CS;  step  2-  NR;  step  3-  CS. 

5.2.1.3.1.2  Receive  command  word.    This  test  verifies  the  ability  of  the  UUT 
to  recognize  a  parity  error  occurring  in  a  receive  command  word.    The  test 
sequence  as  defined  in  5.2.1.3  shall  be  performed  with  a  parity  error  encoded 
in  a  receive  command  word  for  test  step  2. 

The  pass  criteria  for  this  test  shall  be:  step  1-  CS;  step  2-  MR;  step  3-  CS. 

5.2.1.3.1.3  Receive  data  words.  This  test  verifies  the  ability  of  the  UUT 
to  recognize  a  parity  error  occurring  in  a  data  word.  The  test  sequence  as 
defined  in  5.2.1.3  shall  be  performed  with  a  parity  error  encoded  in  a  data 
word  for  test  step  2.  The  message  shall  be  a  receive  command  with  the 
maximum  number  of  data  words  that  the  UUT  is  designed  to  receive.  The  test 
sequence  must  be  sent  N  times,  where  N  equals  the  number  of  data  words  sent. 
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Individually  each  data  word  must  have  the  parity  bit  inverted.    Only  one 
parity  error  is  allowed  per  message. 

The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  ME. 

5.2.1.3.2    word  length.    This  test  verifies  the  ability  of  the  UUT  to 
recognize  an  error  in  word  length  occurring  within  a  message.  The  test  plan 
excludes  testing  of  high  bit  errors  on  a  transmit  command  and  on  the  last  data 
word  of  a  receive  message. 

5.2.1.3.2.1  Transmit  command  word.    This  test  verifies  the  ability  of  the 
UUT  to  recognize  transmit  command  word  length  errors.    The  test  sequence  as 
defined  in  5.2.1.3  shall  be  performed  with  the  command  word  shortened  as 
defined  below  for  test  step  2. 

a.  Transmit  command  shortened  by  one  bit 

b.  Transmit  command  shortened  by  two  bits 

The  pass  criteria  for  this  test  shall  be:  step  1-  CS;  step  2-  NR;  step  3-  CS. 

5.2.1.3.2.2  Receive  command  word.    This  test  verifies  the  ability  of  the  UUT 
to  recognize  receive  command  word  length  errors.    The  test  sequence  as  defined 
in  5.2.1.3  shall  be  performed  with  the  command  word  as  defined  below  for  test 
step  2. 

a.  Shorten  the  receive  command  word  by  one  bit 

b.  Shorten  the  receive  command  word  by  two  bits 

c.  Lengthen  the  receive  command  word  by  two  bits 

d.  Lengthen  the  receive  command  word  by  three  bits 

The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  CS, 
or  alternately  for  c  and  d  only,  the  pass  criteria  may  be:    step  1-  CS; 
step  2-  NR;  step  3-  ME. 

5.2.1.3.2.3  Receive  data  words.    This  test  verifies  the  ability  of  the  UUT  to 
recognize  data  word  length  errors.    The  test  sequence  as  defined  in  5.2.1.3 
shall  be  performed  as  defined  below  for  test  step  2.    The  message  shall  be  a 
receive  command  with  the  maximum  number  of  data  words  that  the  UUT  is  designed 
to  receive. 

a.  Shorten  the  data  word  by  one  bit 

b.  Shorten  the  data  word  by  two  bits 

c.  Lengthen  the  data  word  by  two  bits 

d.  Lengthen  the  data  word  by  three  bits 

The  test  sequence  of  5.2.1.3  shall  be  performed  N  times  for  a  and  b  and  N-l 
times  for  c  and  d,  where  N  equals  the  number  of  data  words  sent.    High  bit 
errors  shall  not  be  tested  in  the  last  data  word  of  a  receive  message.  Only 
one  data  word  shall  be  altered  at  a  time.    Steps  a  through  d  shall  be  per- 
formed for  each  data  word  in  the  message. 

The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  ME. 
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5.2.1.3.3    Bi -phase  encoding.    This  test  verifies  the  ability  of  the  UUT  to 
recognize  bi-phase  errors.    A  bi-phase  encoding  error  is  defined  to  be  the 
lack  of  a  zero  crossing  in  the  center  of  a  bit  time.    A  bi-phase  error  occurs 
as  either  a  logic  high  or  low  for  the  duration  of  a  bit  time.    Each  bit  loca- 
tion, except  the  sync  period,  of  each  word  shall  have  a  single  bi-phase  error 
encoded  into  it.    Only  a  single  bi-phase  error  shall  be  injected  for  each 
message. 

5.2.1.3.3.1  Transmit  command  word.     This  test  verifies  the  ability  of  the  UUT 
to  recognize  bi-phase  encoding  errors  in  transmit  command  words.    The  test 
sequence  as  defined  in  5.2.1.3  shall  be  performed  with  a  bi-phase  encoding 
error  encoded  into  a  transmit  command  word  for  test  step  2.    Each  bit  location 
shall  have  each  of  the  bi-phase  errors  injected  into  it.    Only  one  bi-phase 
error  is  allowed  per  command  word.    A  test  set  involves  performing  the  test 
sequence  17  times,  once  for  each  bit  location.    A  complete  test  requires  two 
test  sets  to  be  performed,  one  for  injecting  high  bi-phase  errors  and  another 
for  injecting  low  bi-phase  errors. 

The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  CS. 

5.2.1.3.3.2  Receive  command  ward.    This  test  verifies  the  ability  of  the  UUT 
to  recognize  bi-phase  encoding  errors  in  receive  command  words.    The  test 
sequence  as  defined  in  5.2.1.3  shall  be  performed  with  a  bi-phase  error 
encoded  into  a  receive  command  word  for  test  step  2.    Each  bit  location  must 
have  each  of  the  bi-phase  errors  injected  into  it.    Only  one  bi-phase  error  is 
allowed  per  command  word.    A  test  set  involves  performing  the  test  sequence 

17  times,  once  for  each  bit  location.    A  complete  test  requires  two  test  sets 
to  be  performed  one  for  injecting  high  bi-phase  errors  and  another  for 
injecting  low  bi-phase  errors. 

The  pass  criteria  for  this  test  shall  be:  step  1-  CS;  step  2-  NR;  step  3-  CS. 

5.2.1.3.3.3  Receive  data  words.    This  test  verifies  the  ability  of  the  UUT  to 
recognize  bi-phase  encoding  errors  in  data  words.    The  test  sequence  as 
defined  in  5.2.1.3  shall  be  performed  with  a  bi-phase  error  encoded  into  each 
data  word  in  the  message  for  test  step  2.    The  message  shall  be  a  receive  cenT_ 
mand  and  the  maximum  number  of  data  words  that  the  UUT  is  designed  to  receive. 

Individually  each  bit  location  of  each  data  word  shall  have  a  bi-phase  error 
encoded  into  it.    Only  one  bi-phase  error  is  allowed  for  each  message.    A  test 
set  involves  performing  the  sequence  17  times.    The  test  set  shall  be  repeated 
N  times,  where  N  equals  the  number  of  data  words  sent.    A  complete  test 
requires  2*N  test  sets  to  be  performed,  once  for  high  bi-phase  errors  and  once 
for  low  bi-phase  errors. 

The  pass  criteria  for  this  test  shall  be:  step  1    CS;  step  2-  NR;  step  3-  ME. 
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5.2.1.3.4  Sync  encoding.    This  test  verifies  the  ability  of  the  UUT  to 
recognize  sync  errors.    The  sync  pattern,  as  defined  for  this  test,  is  a  wave- 
form with  six  0.5  us  divisions.    The  divisions  are  represented  as  a  1  or  0  to 
indicate  the  polarity  of  each  division  on  the  data  bus.    A  proper  command  sync 
is  represented  as  111000  and  a  proper  data  sync  is  represented  as  000111. 

5.2.1.3.4.1  Transmit  command  word.    This  test  shall  verify  that  the  UUT 
rejects  transmit  commands  with  invalid  sync  waveforms.    The  test  sequence  as 
defined  in  5.2.1.3  shall  be  performed  with  a  sync  error  encoded  in  a  transmit 
command  word  for  test  step  2.    The  test  sequence  shall  be  performed  for  each 
of  the  following  invalid  sync  patterns: 

111100,  110000,  111001,  011000,  000111 

The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  CS. 

5.2.1.3.4.2  Receive  command  word.    This  test  shall  verify  that  the  UUT 
rejects  receive  commands  with  invalid  sync  waveforms.    The  test  sequence  as 
defined  In  5.2.1.3  shall  be  performed  with  a  sync  error  encoded  in  a  receive 
command  word  for  test  step  2.    The  test  sequence  shall  be  performed  for  each 
of  the  following  invalid  sync  patterns: 

111100,    110000,    111001,  011000,  000111 

The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  CS. 

5.2.1.3.4.3  Data  word.    This  test  shall  verify  that  the  UUT  rejects  invalid 
data  sync  waveforms.    Perform  the  test  sequence  as  defined  in  5.2.1.3  with  a 
sync  error  encoded  into  each  data  word  for  test  step  2.    The  message  is  a 
valid  receive  command  word  and  the  maximum  number  of  data  words  that  the  UUT 
is  designed  to  receive.    Only  one  data  word  per  message  shall  have  an  invalid 
sync  encoded  into  it.    The  test  sequence  shall  be  performed  N  times  for  each 
of  the  following  invalid  sync  patterns:    where  N  equals  the  maximum  number  of 
data  words  in  the  message. 

000011,  001111,  000110,  100111,  111000 

The  pass  criteria  for  this  test  shall  be:  step  1-  CS;  step  2-  NR;  step  3-  ME. 

Note:  Data  words  shall  not  be  encoded  such  that  bit  times  4  thru  8  match  the 
terminal  address  of  the  UUT  or  be  11111  when  the  invalid  data  sync  pattern 
111000  is  being  used. 

5.2.1.3.5  Message  length.    These  tests  shall  verify  that  the  UUT  properly 
detects  an  error  when  an  incorrect  number  of  data  words  are  received. 

5.2.1.3.5.1    Transmit  command.    This  test  verifies  the  ability  of  the  UUT  to 
respond  properly  if  a  data  word  is  contiguous  to  a  transmit  command  word. 
Perform  the  test  sequence  as  defined  in  5.2.1.3  with  a  data  word  contiguously 
following  a  transmit  command  word  for  test  step  2. 

The  pass  criteria  for  this  test  shall  be:  step  1-  CS;  step  2-  NR;  step  3-  ME. 
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5.2.1.3.5.2  Receive  conmand.    This  test  shall  verify  that  the  UUT  recognizes 
an  error  in  the  number  of  data  words  that  are  received.    Perform  the  test 
sequence  as  defined  in  5.2.1.3  with  a  data  word  count  error  in  a  receive 
message  for  test  step  2.    This  message  is  a  valid  legal  receive  command  word 
with  the  word  count  field  equal  to  the  maximum  number  of  data  words  that  the 
UUT  is  designed  to  receive  but  with  a  different  number  of  data  words  than 
specified  in  the  command  word.    The  test  sequence  shall  be  performed  N+l 
times,  where  N  equals  the  maximum  number  of  data  words.    The  first  sequence 
shall  have  N+l  data  words.    The  second  sequence  shall  have  N-l  data  words  and 
each  of  the  remaining  sequences  shall  remove  one  additional  data  word  until 
the  number  of  data  words  equals  zero. 

The  pass  criteria  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  ME. 

5.2.1.3.5.3  Mode  command  word  count  error.    This  test  verifies  the  ability  of 
the  UUT  to  respond  properly  when  an  incorrect  number  of  words  are  sent  with  a 
mode  command.    Perform  the  test  sequence  defined  in  5.2.1.3  using  a  valid 
receive  mode  command  in  step  2  which  would  normally  have  an  associated  data 
word  transmitted  with  it,  but  send  the  number  of  data  words  equal  to  the  mode 
code  value  used.    Repeat  the  test  sequence  with  the  same  mode  command  but  with 
no  data  word  in  step  2.    Repeat  the  test  sequence  using  a  valid  transmit  mode 
command  except  send  a  data  word  contiguously  following  the  command  word. 

In  all  three  cases  the  pass  criteria  shall  be:    step  1-  CS;  step  2-  NR; 
step  3-ME. 

5.2.1.3.5.4  RT  to  RT  word  count  error.    This  test  verifies  the  ability  of 
the  UUT  to  respond  properly  when  an  incorrect  number  of  words  are  sent  to  it 
as  a  receiving  RT  during  an  RT  to  RT  transfer.    Perform  the  following  test 
sequence. 

Step  1.    Send  a  valid  legal  RT  to  RT  command  pair  followed  in  4  to  12  us 
by  a  valid  status  word  and  N  data  words  to  the  UUT,  where  N  is 
the  number  of  data  words  requested  in  the  transmit  command. 

Step  2.    Send  the  same  RT  to  RT  command  pair  followed  in  4  to  12  us  by  a 
valid  status  word  and  N-l  data  words. 

Step  3.    A  transmit  status  mode  command  shall  be  sent  to  the  receiving  RT. 

Step  4.    Repeat  steps  1  through  3  using  a  word  count  of  N+l  in  step  2. 


The  pass  criteria  in  both  cases  shall  be  that  the  receiving  RT's  status  is: 
step  1-  CS;  step  2-  NR;  step  3-  ME. 
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5.2.1.3.6    Contiguous  data.    This  test  verifies  that  the  UUT  recognizes 
discontiguous  data  in  a  message.    Perform  the  test  sequence  as  defined  in 
5.2.1.3  with  a  4.0  us  data  word  gap  error  in  a  receive  message  for  test 
step  2.    The  gap  is  measured  as  on  figure  7.    The  receive  message  shall  be  a 
receive  command  with  the  maximum  number  of  data  words  that  the  UUT  is  designed 
to  receive  with  a  gap  between  the  command  word  and  the  first  data  word  or 
between  a  data  word  pair.    The  test  sequence  shall  be  performed  N  times,  where 
N  equals  the  maximum  number  of  data  words.    Only  one  gap  time  insertion  is 
allowed  per  message. 


The  pass  criteria  for  this  test  shall  be:    step  1-  CS;  step  2-  NR;  step  3-  ME. 

5.2.1.3.7    Terminal  fail-safe.    The  purpose  of  this  test  is  to  verify  that  the 
terminal  fail-safe  timer  is  properly  implemented  in  the  UUT.    The  UUT  is 
required  to  contain  a  hardware  implemented  timer  that  will  cause  the  transmit- 
ter to  shutdown  if  the  UUT  transmits  a  message  longer  than  800"0us.    A  fail- 
safe time-out  occurring  on  one  bus  shall  not  affect  the  transmitter  on  any 
other  bus.    The  reception  of  a  valid  command  on  the  bus  on  which  the  time-out 
has  occurred  shall  enable  the  transmitter.    The  test  sequence  below  shall  be 
performed  for  each  bus: 

Step  1.    Initiate  a  condition  in  the  UUT  which  causes  the  fail-safe  timer 
to  timeout.    Measure  the  duration  of  the  transmission. 

Step  2.    Remove  the  condition  initiated  in  step  1. 

Step  3.    Send  the  UUT  a  valid  legal  message  over  the  bus  on  which  the 
time-out  has  occurred. 

The  pass  criteria  shall  be  that  the  timeout  in  step  1  occurs  and  the  trans- 
mitter is  shut  down  allowing  the  total  transmission  time  to  be  between  660  us 
and  800us.    The  response  of  the  UUT  in  step  3  shall  be  CS.    Record  the 
measured  parameter  at  which  the  fail-safe  time-out  occurs.    For  test  failures, 
record  the  test  parameters  at  which  the  failure  occurred. 

5.2.1.4  Superseding  commands.  This  test  verifies  that  the  UUT  will  not 
malfunction  and  responds  properly  to  possible  occurrences  of  superseding 
commands.    The  following  test  sequence  shall  be  used  for  this  test: 

Step  1.    A  valid  legal  receive  message  shall  be  sent  to  the  UUT  with  the 
maximum  number  of  words  that  the  UUT  is  designed  to  receive 
encoded  in  the  word  count  field. 

Step  2.    Before  step  1  is  completed,  a  superseding  message  shall  be  sent 
to  the  UUT. 

Step  3.    A  transmit  status  mode  command  shall  be  sent  to  the  UUT. 
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Record  the  UUT's  response  to  each  step  when  the  test  is  performed  with  the 
following  superseding  command  formats  (step  2): 

a.  After  at  least  one  data  word  is  transmitted  in  step  1,  but  before  the 
last  data  word  is  transmitted,  follow  the  selected  data  word  with  a  gap  of 

4  us  (reference  figure  7),  then  a  valid  legal  transmit  command  requesting  the 
maximum  number  of  data  words  that  the  UUT  is  designed  to  transmit. 

b.  Proceed  as  in  "a"  above,  except  transmit  a  valid  legal  transmit  status 
mode  command  as  the  superseding  command. 

c.  After  at  least  one  data  word  is  transmitted  in  step  1,  but  before  the 
last  data  word  is  transmitted,  follow  the  selected  data  word  contiguously  with 
a  valid  legal  transmit  command  requesting  the  maximum  number  of  data  words 
that  the  UUT  is  designed  to  transmit. 

d.  After  the  last  data  word  is  transmitted  in  step  1  follow  it  contigu- 
ously with  a  valid  legal  transmit  command  requesting  the  maximum  number  of 
data  words  that  the  UUT  is  designed  to  transmit. 

The  pass  criteria  shall  be: 

for  a,  step  1  -  NR,  step  2  -  CS,  step  3  -  CS 
for  b,  step  1  -  NR,  step  2  -  ME,  step  3  -  ME 
for  c,  step  1  -  NR,  step  2  -  NR,  step  3  -  ME 

or,  step  1  -  NR,  step  2  -  CS,  step  3  -  CS 
for  d,  step  1  -  NR,  step  2  -  CS,  step  3  -  CS 

or,  step  1  -  NR,  step  2  -  NR,  step  3  -  ME 

For  test  failures,  record  the  test  parameters  for  which  the  failure  occurred. 

5.2.1.5    Required  mode  commands.    The  purpose  of  these  tests  is  to  verify  that 
the  UUT  responds  properly  to  the  required  mode  commands.    The  tests  are  not 
intended  to  verify  the  mission  aspects  stated  in  the  equipment  specification. 
The  UUT  shall  be  tested  for  each  required  mode  code  with  a  subaddress  field 
mode  code  indicator  of  all  zeros  and  repeated  with  a  subaddress  field  of  all 
ones. 

The  pass  criteria  is  defined  in  each  test  paragraph.    If  any  test  fails, 
record  the  UUT  response  to  that  test. 

5.2.1.5.1    Transmit  status.    The  purpose  of  this  test  is  to  verify  that  the 
UUT  has  the  ability  to  recognize  the  transmit  status  mode  command  and  to 
transmit  its  last  status  word.    The  following  sequence  shall  be  performed: 

Step  1.    A  valid  legal  message  shall  be  sent  to  the  UUT  on  the  primary 
bus. 

Step  2.    A  transmit  status  mode  command  shall  be  sent  to  the  UUT  on  the 
primary  bus. 
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Step  3.    A  valid  legal  message  shall  be  sent  to  the  UUT  on  the  alternate 
bus. 

Step  4.    A  transmit  status  mode  command  shall  be  sent  to  the  UUT  on  the 
alternate  bus. 

Step  5.    A  valid  legal  receive  command  with  a  parity  error  in  a  data  word 
shall  be  sent  on  the  primary  bus. 

Step  6.    A  transmit  status  mode  command  shall  be  sent  to  the  UUT  on  the 
alternate  bus. 

Step  7.  Repeat  step  6. 

Step  8.  Repeat  step  4. 

Step  9.  Repeat  step  1. 

Step  10.  Repeat  step  2. 

Step  11.  Repeat  step  4. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  CS;  step  3-  CS;  step  4-  CS;  step  5-  NR;  step  6-  ME;  step  7-  ME; 
step~08-  ME;  step  9-  CS;  step  10-  CS;  step  11-  CS. 

5.2.1.5.2    Transmitter  shutdown  and  override.    This  test  shall  verify  that  the 
UUT  recognizes  the  dual  redundant  mode  code  commands  to  shutdown  the  alternate 
bus  trananitter  and  to  override  the  shutdown.    In  a  dual  redundant  system  each 
bus  must  be  tested  as  the  alternate  bus  and  as  the  primary  bus.    A  valid  legal 
transmitter  shutdown  mode  command  shall  be  sent  to  the  UUT  to  cause  an 
alternate  bus  transmitter  shutdown.      A  valid  legal  override  transmitter 
shutdown  mode  command  shall  be  sent  to  the  UUT  to  cause  an  override  of  the 
transmitter  shut-down.    The  following  test  sequence  shall  be  used  for  each  case 
including  verification  of  the  UUT  response  indicated. 

Step  1.    A  valid  legal  command  shall  be  sent  on  the  primary  bus  to  the 
UUT. 

Step  2.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  3.    A  valid  legal  transmitter  shutdown  mode  command  shall  be  sent  to 
the  UUT  on  the  primary  bus. 

Step  4.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  5.    A  valid  legal  command  shall  be  sent  on  the  primary  bus  to  the 
UUT. 

Step  6.    A  valid  legal  override  transmitter  shutdown  mode  command  shall  be 
sent  to  the  UUT  on  the  alternate  bus. 
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Step  7.    A  valid  legal  command  shall  be  sent  to  the  UUT  on  the  alternate 
bus. 

Step  8.    A  valid  legal  override  transmitter  shutdown  mode  command  shall  be 
sent  to  the  UUT  on  the  primary  bus. 

Step  9.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  10.  A  valid  legal  command  shall  be  sent  on  the  primary  bus  to  the 
UUT. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1-CS; 
step  2-  CS;  step  3-  CS;  step  4-  NR;  step  5-  CS;  step  6-  NR;  step  7-  NR; 
step  8-  GS;  step  9-  CS;  step  10-  CS. 

5.2.1.5.3    Reset  remote  terminal.      The  purpose  of  this  test  is  to  verify  that 
the  UUT  has  the  ability  to  recognize  the  reset  remote  terminal  mode  command. 
The  following  sequence  shall  be  performed: 

Step  1.    A  reset  remote  terminal  mode  command  shall  be  sent  to  the  UUT  on 
one  bus. 

Step  2.    After  time  T  from  step  1,  as  measured  per  figure  7,  a  valid 
legal  command  shall  be  sent  to  the  UUT  on  the  same  bus. 

The  time  T  shall  be  obtained  by  repeating  step  1  and  step  2  while 
varying  the  intermessage  gap  from  100  ms  down  to  4  us  in  the 
following  steps:    from  100  ms  to  6  ms  in  no  greater  than  1  ms 
steps,  and  from  6  ms  to  4  us  in  no  greater  than  10  us  steps. 
When  the  time  T  is  between  5  ms  and  100  ms,  then  in  addition  to 
each  command  sent  in  step  2,  a  minimum  of  one  valid  legal  command 
shall  be  sent  to  the  UUT  positioned  within  4  ms  after  step  1. 

Step  3.    A  valid  legal  transmitter  shutdown  mode  command  shall  be  sent  to 
the  UUT  on  the  same  bus. 

Step  4.    A  valid  legal  command  shall  be  sent  to  the  UUT  on  the  alternate 
bus. 

Step  5.    A  reset  remote  terminal  mode  command  shall  be  sent  to  the  UUT  on 
the  first  bus. 

Step  6.    After  5  ms  repeat  step  5. 

The  minimum  time  between  step  1  and  step  2  as  measured  per  figure  7  in  which 
the  UUT's  response  to  step  2  is  CS  (with  BUSY  bit  reset),  shall  be  recorded. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1- 
CS;  step  2-  CS  (with  BUSY  bit  reset)  for  all  time  T  >  5  ms,  and  CS  or  NR  for 
T  <  5  ms;  step  3-  CS;  step  4-  NR;  step  5-  CS;  step  6-  CS. 
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5.2.1.6  Data  wrap-around.    The  purpose  of  this  test  is  to  verify  that  the  UUT 
properly  implements  the  data  wrap-around  capability.    The  following  sequence 
shall  be  performed  10,000  times,  with  random  data  patterns  for  each  data  word 
in  each  sequence.    The  messages  used  shall  contain  the  maximum  number  of  data 
words  that  the  RT  is  capable  of  transmitting  or  receiving,  i.e.,  the  maximum 
word  count  from  the  set  of  all  messages  defined  for  that  RT.    Record  the 
number  of  correct  responses  and  the  number  of  incorrect  responses. 

Step  1.    Send  a  receive  message  to  the  UUT  at  subaddress  30  (11110)  or  the 

appropriate  receive  wrap-around  subaddress  defined  for  the  UUT. 

Step  2.    Send  a  transmit  command  to  the  UUT  with  the  appropriate  transmit 
wrap-around  subaddress  and  with  the  same  word  count  as  step  1. 

The  pass  criteria  shall  be:    step  1-  CS;  step  2-  CS  with  each  data  word  having 
the  same  bit  pattern  as  the  corresponding  data  word  in  step  1. 

5.2.1.7  RT  to  RT  timeout.    The  purpose  of  this  test  is  to  verify  that  the  UUT 
functions  properly  when  operating  as  the  receiving  RT  in  a  RT  to  RT  transfer. 
The  UUT  must  not  respond  after  receiving  a  RT  to  RT  command  pair  if  the  data 
is  not  received  within  54  us  to  60  us  as  shown  on  figure  8.    This  time  is 
measured  from  the  zero  crossing  of  the  parity  bit  of  the  receive  command  to 
the  mid  sync  zero  crossing  of  the  first  data  word.    The  following  test 
sequence  shall  be  performed: 

Step  1.  A  valid  legal  RT  to  RT  command  pair  followed  in  4  us  to  12  us 

by  a  valid  status  word  with  the  RT  address  of  the  transmit  command 
and  the  proper  number  of  data  words  shall  be  sent  to  the  UUT. 

Step  2.  The  transmitting  RT's  status  word  shall  be  delayed  until  the  UUT 
(receiving  RT)  stops  responding  and  the  time  "T"  as  specified  in 
figure  8  shall  be  measured. 

Step  3.  A  transmit  status  mode  command  shall  be  sent  to  the  UUT  when  the 
time  "T"  is  greater  than  60  us. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1- 
CS;  step  2-  "T"  shall  be  between  54  us  and  60  us;  step  3-  ME.    All  commands, 
UUT  responses  and  time  "T"  shall  be  recorded. 
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5.2.1.8   Bus  switching.    This  test  shall  be  performed  only  if  the  UUT  is 
configured  with  dual  redundant  buses.    This  test  verifies  that  the  dual 
redundant  remote  terminal  properly  performs  the  bus  switching  requirements  of 
MIL-STD-1553  (para  on  "Data  bus  activity").    The  requirements  are  as  follows: 

a.  If  the  UUT  is  receiving  or  operating  on  a  message  on  one  bus,  and 
another  valid,  legal  command  to  the  UUT  occurs  on  the  opposite  bus  later  in 
time,  then  the  UUT  is  required  to  reset  and  respond  appropriately  to  the  later 
command  on  the  opposite  bus. 

b.  An  invalid  command  on  the  alternate  bus  shall  not  affect  the  response 
of  the  UUT  to  commands  en  the  original  bus. 

Unless  otherwise  specified,  legal  messages  are  used  in  this  test.  The 
interrupting  message  on  the  alternate  bus  shall  be  swept  through  -the  command 
word,  the  response  time  gap,  the  UUT's  status  word,  and  the  UUT's  data 
transmission  on  the  first  bus.    For  all  tests,  record  the  command  words  used. 
The  following  test  sequences  shall  be  performed  twice  for  each  interrupting 
command,  once  far  each  redundant  bus. 

RT  transmitting: 


Step  1.    Send  a  valid  transmit  command  to  the  UUT  requesting  the  maximum 
number  of  data  words  that  the  UUT  is  designed  to  transmit. 

Step  2.    Send  the  interrupting  cenmand  on  the  alternate  bus  beginning 
4.0  us  after  the  beginning  of  the  first  command. 

Step  3.    Send  a  valid  transmit  status  mode  command  after  the  messages  en 
both  buses  have  been  completed. 

Step  4.    Repeat  step  1  through  step  3  increasing  the  time  between  step  1 
and  step  2  in  no  greater  than  0.25  us  increments  until  the 
messages  no  longer  overlap. 

Perform  the  test  with  the  following  interrupting  messages  far  step  2. 

a.    A  valid  legal  message. 


UUT. 


b.  A  message  with  a  parity  error  in  the  command  word. 

c.  A  valid  message  with  a  terminal  address  different  than  that  of  the 


The  pass  criteria  shall  be:  for  a,  step  1-  truncated  message  or  CS,  step  2-  CS 
and  step  3-  CS;  and  for  b  and  c,  step  1-  CS,  step  2-  NR  and  step  3-  CS.  For 
test  failures,  record  the  test  parameters  at  which  the  failure  occurred. 
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RT  receiving: 

Step  1.  Send  a  valid  RT  to  RT  message  caimand  to  the  UUT  and  a  second  RT 
with  the  UUT  the  receiving  terminal  with  the  maximum  number  of 
data  words  that  the  UUT  is  designed  to  receive. 

Step  2.  Send  the  interrupting  command  on  the  alternate  bus  beginning 
4.0  us  after  the  beginning  of  the  first  command. 

Step  3.  Send  a  valid  transmit  status  mode  caimand  after  the  messages  on 
both  buses  have  been  completed. 

Step  4.  Repeat  step  1  through  step  3  varying  the  time  between  step  1  and 
step  2  in  no  greater  than  0.25  us  increments  until  the  messages 
no  longer  overlap. 

Perform  the  test  with  the  following  interrupting  messages  for  step  2. 

a.  A  valid  legal  message. 

b.  A  message  with  a  parity  error  in  the  command  word. 

c.  A  valid  message  with  a  terminal  address  different  than  that  of  the 

UUT. 

The  pass  criteria  shall  be:  for  a,  step  1-  NR  or  CS,  step  2  CS  and  step  3-  CS; 
and  for  b  and  c,  step  1-  CS,  step  2-  NR  and  step  3-  CS.    For  test  failures, 
record  the  test  parameters  at  which  the  failure  occurred. 

5.2.1.9   Unique  address.    The  purpose  of  this  test  is  to  verify  that  the  UUT 
can  be  assigned  any  unique  address  from  an  external  connector  on  the  UUT. 
The  following  sequence  shall  be  performed  for  the  UUT: 

Step  1.    Send  a  valid,  legal  command  to  the  UUT. 

Step  2.    Repeat  step  1  thirty-one  times  with  the  same  command  word  except 
use  all  other  possible  bit  combinations  in  the  RT  address  field 
of  the  command  word. 

Step  3.    Repeat  step  1  and  step  2  after  externally  changing  the  RT  address 
for  all  possible  combinations  from  00000  thru  11110. 

Step  4.    After  externally  changing  the  RT  address  to  simulate  a  single 
point  address  validation  failure  (e.g.,  parity  error  on  the 
address  lines),  repeat  step  1  and  step  2. 

The  pass  criteria  shall  be:    step  1-  CS;  step  2-  NR  for  each  combination; 
step  3-  same  as  step  1  and  step  2;  step  4-  NR  for  each  combination. 

Note:    Power  cycling  may  be  required  after  externally  changing  the  RT  address. 
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5.2.2    Optional  operation.    This  section  provides  for  testing  the  optional 
requirements  of  MIL-STD- 1553.    If  a  remote  terminal  implements  any  of  the 
options,  it  shall  be  tested  in  accordance  with  the  test  herein  identified  for 
the  option.    If  the  transmit  last  command  mode  camiand  is  not  implemented  in 
the  UUT,  then  the  transmit  status  mode  command  shall  be  used. 

5.2.2.1    Optional  mode  commands.    The  purpose  of  these  tests  is  to  verify  that 
the  UUT  responds  properly  to  implemented  mode  commands.    The  tests  are  not 
intended  to  verify  the  mission  aspects  stated  in  the  equipment  specification. 
The  UUT  shall  be  tested  for  each  mode  code  implemented  with  a  subaddress  field 
mode  code  indicator  of  all  zeros  and  repeated  with  a  subaddress  field  of  all 
ones. 


The  pass  criteria  is  defined  in  each  test  paragraph.  If  any  test  fails,  record 
the  UUT  response  to  that  test. 

5.2.2.1.1  Dynamic  bus  control.    The  purpose  of  this  test  is  to  verify  that 
the  UUT  has  the  ability  to  recognize  the  dynamic  bus  control  mode  command  and 
to  take  control  of  the  data  bus.    A  valid  legal  dynamic  bus  control  mode  com- 
mand shall  be  sent  to  the  UUT.    The  UUT  shall  take  control  of  the  data  bus 
when  its  response  is  DBA  as  required  in  the  UUT's  design  specification. 

The  pass  criteria  shall  be  that  the  UUT  respond  with  a  DBA  upon  acceptance  of 
bus  control  or  a  CS  upon  rejection  of  bus  control. 

5.2.2.1.2  Synchronize.    The  following  paragraphs  provide  the  test  criteria 
for  the  synchronize  mode  commands. 

5.2.2.1.2.1    Synchronize  (without  data  word).    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  a  svnchronization  mode  command 

without  using  a  data  word.    A  valid  legal  synchronize  (without  data  word)  mode 
command  shall  be  sent  to  the  UUT. 


The  pass  criteria  shall  be  that  the  UUT  respond  with  CS. 

5.2.2.1.2.2    Synchronize  (with  data  word).    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  a  synchronization  mode  com- 
mand which  uses  a  data  word.    A  valid  legal  synchronize  (with  data  word)  mode 
command  shall  be  sent  to  the  UUT. 

The  pass  criteria  shall  be  that  the  UUT  respond  with  CS. 

5.2.2.1.3    Initiate  self -test.    The  purpose  of  this  test  is  to  verify  that  the 
UUT  has  the  ability  to  recognize  the  initiate  self-test  mode  command.  The 
following  sequence  shall  be  performed: 

Step  1.    An  initiate  self -test  mode  command  shall  be  sent  to  the  UUT  on 
one  bus. 

Step  2.    After  time  T  from  step  1,  as  measured  per  figure  7,  a  valid 
legal  command  shall  be  sent  to  the  UUT  on  the  same  bus. 


25 


VI-33 


BBQ 

ILC  DATA  DEVICE 
CORPORATION  _ 


MIL- STD -1553  DESIGNER'S  GUIDE 


MIL-HDBK-1553 

24  September  1986 

Step  3.    The  time  T  shall  be  obtained  by  repeating  step  1  and  step  2  while 

varying  the  intermessage  gap  from  200  ms  down  to  4  us  in  no 
greater  than  1  ms  steps.    When  the  time  T  is  between  200  ms  and 
100  ms  then  in  addition  to  each  command  sent  in  step  2,  a  minimum 

of  one  valid  legal  command  shall  be  sent  to  the  UUT  positioned 
within  50  ms  after  step  1. 

The  rninimum  time  between  step  1  and  step  2  as  measured  per  figure  7  in  which 
the  UUT's  response  to  step  2  is  CS  (with  BUSY  bit  reset)  shall  be  recorded. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1- 
CS;  step  2-  CS  (with  BUSY  bit  reset)  for  all  time  T  >^  100  ms,  and  CS  or  NR  for 
T  <  100  ms. 

5.2.2.1.4  Transmit  BIT  word.    The  purpose  of  this  test  is  to  verify  that  the 
UUT  has  the  ability- to  recognize  this  mode  command.    A  valid  legal  transmit 
BIT  mode  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  shall  be  that  the  UUT  respond  with  CS. 

5.2.2.1.5  Selective  transmitter  shutdown  and  override.    This  test  shall 
verify  that  the  UUT  recognizes  the  niulti-redundant  mode  code  commands  to 
shut  down  a  selected  bus  transmitter  and  to  override  the  shutdown.    In  a 
multi-redundant  system,  each  bus  must  be  tested  as  the  primary  bus  with  the 
remaining  busses  as  alternate  busses.    A  valid  legal  selected  transmitter 
shutdown  mode  command  shall  be  sent  to  the  UUT  accompanied  by  the  appropriate 
data  word  to  cause  a  selective  bus  transmitter  shutdown.    A  valid  legal 
override  selected  transmitter  shutdown  mode  command  shall  be  sent  to  the  UUT 
accompanied  by  the  appropriate  data  word  to  cause  an  override  of  the  selected 
bus  transmitter  shutdown.    The  following  test  sequence  shall  be  performed 
using  each  bus  as  the  primary  bus  and  each  of  the  remaining  busses  in  turn  as 
the  alternate  bus,  including  verification  of  the  UUT  response  indicated. 

Step  1.    A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UUT. 

Step  2.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  3.    A  valid  legal  selected  transmitter  shutdown  mode  command  shall 

be  sent  to  the  UUT  on  the  first  bus  with  the  data  word  encoded  to 
shutdown  the  alternate  bus. 

Step  4.    A  valid  legal  command  shall  be  sent  an  the  alternate  bus  to  the 
UUT. 

Step  5.    A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UUT. 

Step  6.    A  valid  legal  override  selected  transmitter  shutdown  mode  command 
shall  be  sent  to  the  UUT  on  the  alternate  bus  with  the  same  data 
word  as  sent  in  step  3. 
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Step  7. 

A  valid  legal  command  shall  be  sent  to  the  UUT  on  the  alternate 
bus. 

Step  8. 

A  valid  legal  override  selected  transmitter  shutdown  mode  command 
shall  be  sent  to  the  UUT  on  the  first  bus  with  the  same  data  word 

as   oci  l  c   -Li  l  o  Lcp  o  • 

o  Ley  7 • 

A  \7Pi "1  i rJ  leaal  ommand  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  10. 

A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  OUT. 

Step  11. 

Repeat  step  3  except  that  the  data  word  shall  be  encoded  with  a 
bit  pattern  that  would  normally  shutdown  the  first  bus  if  it  was 
sent  on  the  alternate  bus. 

Step  12. 

Repeat  step  4. 

Step  13. 

Repeat  step  5. 

The  data  words  associated  with  step  3  and  step  11  for  each  bus  shall  be 
recorded. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  CS;  step  3-  CS;  step  4-  NR;  step  5-  CS;  step  6-  NR;  step  7-  NR; 
step  8-  CS;  step  9-  CS;  step  10-  CS;  step  11-  CS;  step  12-  CS;  step  13-  CS. 

5.2.2.1.6    Terminal  flag  bit  inhibit  and  override.    This  test  verifies  that 
the  UUT  recognizes  and  responds  properly  to  the  mode  code  commands  of  inhibit 
terminal  flag  bit  and  override  inhibit  terminal  flag  bit.    Beginning  in  step  2 
of  the  test  sequence  below,  the  OUT  shall  be  caused  to  set  the  terminal  flag 
bit. 

Step  1. 

A  valid  legal  receive  caimand  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  2. 

Procedures  as  defined  for  the  UUT,  shall  be  performed  that  will 
set  the  terminal  flag  in  the  UUT  status  response.    Send  a  valid 
legal  receive  command  with  at  least  one  data  word  to  the  UUT. 

Step  3. 

A  valid  legal  inhibit  terminal  flag  mode  code  command  shall  be 
sent  to  the  UUT. 

Step  4. 

Repeat  step  1. 

Step  5. 

A  valid  legal  override  inhibit  terminal  flag  mode  code  command 
shall  be  sent  to  the  UUT. 

Step  6. 

A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 
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Step  7.    Procedures,  as  defined  fear  the  UUT,  shall  be  performed  which 
resets  the  TF  bit. 

Step  8.    Repeat  step  1. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  TF;  step  3-  CS  or  TF;  step  4-  CS;  step  5-  CS  or  TF;  step  6-  TF; 
step  8-  CS. 

5.2.2.1.7  Transmit  vector  ward.  This  test  verifies  the  capability  of  the  UUT 
to  recognize  and  respond  properly  to  a  transmit  vector  word  mode  code  command. 

A  valid  legal  transmit  vector  word  mode  code  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  shall  be  that  the  UUT  respond  with  CS. 

5.2.2.1.8  Transmit  last  command.    This  test  verifies  that  the  UUT  recognizes 
and  responds  properly  to  a  transmit  last  command  mode  code.    The  following 
test  sequence  shall  be  used: 


Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  2.  A  valid  legal  receive  command  different  from  that  used  in  step  1 
above  with  at  least  one  data  word  shall  be  sent  to  the  UUT  and  a 
parity  error  shall  be  encoded  into  the  first  data  word. 

Step  3.    A  valid  transmit  last  command  mode  command  shall  be  sent  to  the 
UUT. 

Step  4.    A  valid  transmit  status  mode  command  shall  be  sent  to  the  UUT. 

Step  5.    A  valid  legal  transmit  last  command  mode  command  shall  be  sent  to 
the  UUT. 

Step  6.    A  valid  legal  transmit  last  command  mode  command  shall  be  sent  to 
the  UUT. 

Step  7.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  8.    A  valid  legal  transmit  last  command  mode  command  shall  be  sent  to 
the  UUT. 

Step  9.    A  valid  legal  transmit  command  shall  be  sent  to  the  UUT. 

Step  10.  A  valid  legal  transmit  last  command  mode  command  shall  be  sent 
to  the  UUT. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  NR;  step  3-  ME,  followed  by  a  data  word  containing  the  command  word 
from  step  2;  step  4-  ME;  step  5-  ME,  followed  by  a  data  word  containing  the 
command  word  from  step  4;  step  6-  ME,  followed  by  a  data  word  containing  the 
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command  ward  from  step  4;  step  7-  CS;  step  8-  CS,  followed  by  a  data  word 
containing  the  caimand  word  from  step  7;  step  9-  CS;  step  10-  CS,  followed  by 
a  data  word  containing  the  command  word  from  step  9. 

5.2.2.2    Status  word  bits.    The  following  tests  verify  that  all  implemented 
status  code  bits  are  properly  used  and  cleared.  Implementation  of  all  status 
code  bits  in  the  status  word  except  the  ME  bit  is  optional.    In  addition  to 
the  separate  tests,  for  each  of  the  following  status  bits:    service  request, 
busy,  subsystem  flag,  and  terminal  flag,  provide  the  analysis  as  listed  below. 

a.  What  conditions  set  the  status  bit  in  the  status  word  transmitted  on 
the  data  bus. 

b.  What  conditions  reset  the  status  bit  in  the  status  word  transmitted  en 
the  data  bus. 

c.  If  the  condition  specified  in  item  a.  occurred  and  disappeared  without 
intervening  commands  to  the  UUT,  list  the  cases  where  the  status  bit  is  set 
and  reset  in  response  to  a  valid,  non-mode  command  to  the  UUT. 

d.  Given  that  the  status  bit  was  set,  and  the  condition  which  set  the  bit 
has  gone  away,  list  the  cases  where  the  status  bit  is  still  set  in  response  to 
the  second  valid,  non-mode  command  to  the  UUT. 

The  UUT  has  failed  a  test  sequence  if  it  does  not  respond  as  indicated  in  each 
of  the  separate  tests  below. 

5.2.2.2.1    Service  request.    This  test  verifies  that  the  UUT  sets  the  service 
request  bit  as  necessary  and  clears  it  when  appropriate.    The  UUT  shall  set  bit 
time  eleven  of  the  status  word  when  a  condition  in  the  UUT  warrants  the  RT  to 
be  serviced.  A  reset  of  the  bit  shall  occur  as  defined  by  each  RT.  The 
following  steps  shall  be  performed  and  the  appropriate  responses  verified: 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  2.  A  condition  which  causes  the  service  request  bit  to  be  set  shall 
be  introduced  into  the  UUT.  A  valid  legal  command  that  does  not 
service  the  request  shall  be  sent  to  the  UUT. 

Step  3.  A  valid  legal  command  that  does  not  service  the  request  shall  be 
sent  to  the  UUT. 

Step  4.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 
resets  the  service  request  bit. 

Step  5.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS, 
with  the  service  request  bit  reset;  step  2-  SRB;  step  3-  SRB;  step  5-  CS,  with 
the  service  request  bit  reset.    All  commands  and  UUT  responses  shall  be 
recorded. 
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5.2.2.2.2  Broadcast  command  received.    This  test  verifies  that  the  UUT  sets 
the  broadcast  command  received  bit  of  the  status  word  after  receiving  a 
broadcast  command.    The  UUT  shall  set  status  bit  fifteen  to  a  logic  one  after 
receiving  the  broadcast  command.    The  following  test  sequence  shall  be 
performed  using  either  the  transmit  last  command  or  transmit  status  mode  code 
command  to  verify  the  bit  condition. 

Step  1.  A  valid  legal  broadcast  receive  message  shall  be  sent  to  the  UUT. 

Step  2.  A  valid  legal  transmit  last  command  shall  be  sent  to  the  UUT. 

Step  3.  A  valid,  legal,  ncn-broadcast  command  shall  be  sent  to  the  UUT. 

Step  4.  Repeat  step  1. 

Step  5.  Repeat  step  3. 

Step  6.  A  broadcast  receive  message  with  a  parity  error  in  one  of  the 
data  words  shall  be  sent  to  the  UUT. 

Step  7.    A  valid  legal  transmit  last  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  for  each  of  the  above  step   shall  be  as  follows:  step  1-  NR; 
step  2-  BCR,  and  the  data  word  contains  the  bit  pattern  of  the  command  word  in 
step  1;  step  3-  CS;  step  4-  NR;  step  5-  CS;  step  6-  NR;  step  7-  ME  and  BCR, 
and  the  data  word  contains  the  bit  pattern  of  the  command  word  in  step  6.  All 
commands  and  UUT  responses  shall  be  recorded. 

5.2.2.2.3  Busy.    This  test  verifies  the  capability  of  the  UUT  to  set  the 
busy  bit  of  the  status  word.    Bit  time  sixteen  of  the  status  word  shall  be  set 
when  the  UUT  is  busy.    Prior  to  performing  the  test  sequence  below,  a  condition 
which  sets  the  busy  bit  must  be  activated. 

Step  1.    A  valid  legal  transmit  command  shall  be  sent  to  the  UUT. 

Step  2.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 
resets  the  busy  bit. 

Step  3.    A  valid  legal  transmit  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1- 
BUSY;  step  3-  CS.    All  commands  and  UUT  responses  shall  be  recorded. 

5.2.2.2.4  Subsystem  flag.    This  test  verifies  the  capability  of  the  UUT  to 
set  the  subsystem  flag  of  the  status  word.    Bit  time  seventeen  of  the  status 
word  shall  be  set  to  a  logic  one  when  a  subsystem  fault  has  been  determined. 
Prior  to  performing  the  test  sequence  below,  a  condition  which  sets  the 
subsystem  flag  bit  must  be  activated. 

Step  1.    A  valid  legal  transmit  command  shall  be  sent  to  the  UUT. 

Step  2.    Remove  the  condition  which  sets  the  subsystem  flag  bit.  Cycling 

power  to  the  UUT  shall  not  be  part  of  these  procedures  to  reset 

the  SF  bit. 
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Step  3.    A  valid  legal  transmit  command  shall  be  sent  to  the  UUT. 

Step  4.    Repeat  step  3. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1- 
SF;  step  3-  SF  or  CS;  step  4-  CS.    All  commands  and  UUT  responses  shall  be 
recorded. 

5.2.2.2.5   Terminal  flag.    This  test  verifies  that  the  UUT  sets  the  terminal 
flag  bit  as  necessary  and  clears  it  when  appropriate.    The  UUT  shall  set  bit 
time  nineteen  of  the  status  word  when  an  occurrence  in  the  UUT  causes  a 
terminal  fault  condition.    Prior  to  performing  the  test  sequence  below,  a 
condition  which  sets  the  terminal  flag  bit  must  be  activated. 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  2.    Remove  the  condition  which  sets  the  terminal  flag  bit.  Cycling 
power  to  the  UUT  shall  not  be  part  of  this  procedure. 

Step  3.    A  valid  legal  transmit  command  shall  be  sent  to  the  UUT. 

Step  4.    Repeat  step  3. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows: 

step  1  -  TF;  step  3  -  CS  or  TF;  step  4  -  CS.    All  commands  and  UUT  responses 

shall  be  recorded. 

5.2.2.3   Illegal  command.    This  test  verifies  that  the  UUT  recognizes  and 
responds  properly  to  illegal  commands  when  the  illegal  command  detection 
option  is  implemented.    The  following  sequence  shall  be  performed: 

Step  1.    Send  an  illegal  receive  command  to  the  UUT. 

Step  2.    Send  a  valid  legal  transmit  command  to  the  UUT. 

Step  3.    Send  an  illegal  receive  command  to  the  UUT  with  a  parity  error  in 
one  of  the  data  words. 

Step  4.    Send  a  transmit  status  mode  command  to  the  UUT. 

Step  5.    Repeat  step  2. 

Step  6.    Send  an  illegal  command  to  the  UUT  with  a  parity  error  in  the 
command  ward. 

Step  7.    Send  a  transmit  last  command  mode  command  to  the  UUT. 

Step  8.    Repeat  step  1  thru  step  7,  except  step  1  shall  be  an  illegal 
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The  pass  criteria  shall  be:    step  1-  status  word  only  with  ME  bit  set;  step  2- 
CS;  step  3-  NR;  step  4-  ME;  step  5-  CS;  step  6-  NR;  step  7-  CS  and  the  data 
word  shall  represent  the  command  word  associated  with  step  5;  step  8  -  same  as 
step  1  thru  step  7. 

5.2.2.4     Broadcast  mode  commands.    The  purpose  of  this  test  is  to  verify  that 
the  UUT  responds  properly  to  implemented  broadcast  mode  commands.    This  test 
is  not  intended  to  verify  the  mission  aspects  stated  in  the  equipment 
specification.    The  UUT  shall  be  tested  for  each  mode  code  implemented  with  a 
subaddress  field  mode  code  indicator  of  all  zeros  and  repeated  with  a 
subaddress  field  of  all  ones.  Use  the  following  test  sequence  unless  otherwise 
noted. 

Step  1.    A  valid  receive  message  shall  be  sent  to  the  UUT. 

Step  2.    A  valid  legal  broadcast  message  shall  be  sent  to  the  UUT. 

Step  3.    A  transmit  last  command  mode  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  is  defined  in  each  test  paragraph.  If  any  test  fails,  record 
the  UUT  response  to  that  test. 

5.2.2.4.1  Broadcast  synchronize  (without  data  word) .    The  purpose  of  this  test 

is  to  verify  that  the  UUT  has  the  ability  to  recognize  a  broadcast  synchronize 
(without  data  word)  mode  command.  The  test  sequence  defined  in  5.2.2.4  shall 
be  used  with  a  broadcast  synchronize  (without  data  word)  mode  command  in 
step  2. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  NR;  step  3-  BCR  and  the  data  word  contains  the  broadcast  command  sent 
in  step  2. 

5.2.2.4.2  Broadcast  synchronize  (with  data  word).    The  purpose  of  this  test  is 
to  verify  that  the  UUT  has  the  ability  to  recognize  a  broadcast  synchronize 
(with  data  word)  mode  command.  The  test  sequence  defined  in  5.2.2.4  shall  be 
used  with  a  broadcast  synchronize  (with  data  word)  mode  command  in  step  2. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  NR;  step  3-  BCR  and  the  data  word  contains  the  broadcast  command  sent 
in  step  2. 

5.2.2.4.3  Broadcast  initiate  self -test.    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  the  broadcast  initiate  self- 
test  mode  command.    The  following  sequence  shall  be  performed: 

Step  1.    A  broadcast  initiate  self-test  mode  command  shall  be  sent  to  the 
UUT  on  one  bus. 

Step  2.    After  time  "T"  from  step  1,  as  measured  per  figure  7,  a  valid, 
legal,  non-broadcast,  non-mode  command  shall  be  sent  to  the  UUT 
on  tiie  same  bus. 
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Step  3.    The  time  T  shall  be  obtained  by  repeating  step  1  and  step  2  while 
varying  the  intermessage  gap  from  200  ms  down  to  4  us  in  no 
greater  than  1  ms  steps.    When  the  time,  T,  is  between  200  ms  and 
100  ms  then  in  addition  to  each  command  sent  in  step  2,  a  minimum 
of  one  valid  legal  command  shall  be  sent  to  the  UUT  positioned 
within  50  ms  after  step  1. 

The  minimum  time  between  step  1  and  step  2  as  measured  per  figure  7  in  which 
the  UUT's  response  to  step  2  is  CS  (with  BUSY  bit  reset),  shall  be  recorded. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  l-  NR; 
step  2-  CS  (with  BUSY  bit  reset)  for  all  time  T  >  100  ms,  and  CS  or  NR  f or 
T  <  100  ms. 


5.2.2.4.4   Broadcast  transmitter  shutdown  and  override.    The  purpose  of  this 
test  is  to  verify  that  the  UUT  has  the  ability  to  recognize  and  properly 
execute  these  broadcast  mode  commands.    The  pass  criteria  for  each  individual 
test  is  contained  in  the  paragraph  below.    The  following  sequence  shall  be 
performed  for  each  test: 


Step  1.    A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UUT. 

Step  2.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  3.    A  valid  legal  broadcast  transmitter  shutdown  mode  command  shall 
be  sent  to  the  UUT  on  the  first  bus. 

Step  4.    A  transmit  last  command  mode  command  shall  be  sent  on  the  first 
bus  to  the  UUT. 

Step  5.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  6.    A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UUT. 

Step  7.    A  valid  legal  broadcast  override  transmitter  shutdown  mode  com- 
mand shall  be  sent  to  the  UUT  on  the  alternate  bus. 

Step  8.    A  valid  legal  command  shall  be  sent  to  the  UUT  on  the  alternate 
bus. 

Step  9.    A  valid  legal  broadcast  override  transmitter  shutdown  mode  com- 
mand shall  be  sent  to  the  UUT  on  the  first  bus. 

Step  10.  A  transmit  last  command  mode  ccmmand  shall  be  sent  on  the  first 
bus  to  the  UUT. 

Step  11.  A   valid  legal  ccmmand  shall  be  sent  on  the  alternate  bus  to  the 
UUT. 

Step  12.  A  valid  legal  ccmmand  shall  be  sent  on  the  first  bus  to  the  UUT. 
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The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  CS;  step  3-  NR;  step  4-  BCR  (and  the  data  word  contains  the  command 
word  of  step  3);  step  5-  NR;  step  6-  CS;  step  7-  NR;  step  8-  NR;  step  9-  NR; 
step  10-  BCR  (and  the  data  word  contains  the  command  word  of  step  9);  step  11- 
CS;  step  12-  CS. 

5.2.2.4.5    Broadcast  selective  transmitter  shutdown  and  override.    This  test 
shall  verify  that  the  UOT  recognizes  the  multi-redundant  broadcast  mode  code 
commands  to  shutdown  a  selected  bus  transmitter  and  to  override  the  shutdown. 
In  a  multi-redundant  system  each  bus  must  be  tested  as  the  primary  bus  with 
the  remaining  busses  as  alternate  busses.    A  valid  legal  broadcast  selected 
transmitter  shutdown  mode  command  shall  be  sent  accompanied  by  the  appropriate 
data  word  to  cause  a  selective  bus  transmitter  shutdown.    A  valid  legal  broad- 
cast override  selected  transmitter  shutdown  mode  command  shall  be  sent  accom- 
panied by  the  appropriate  data  word  to  cause  an  override  of  the  selected  bus 
transmitter  shutdown.    The  following  test  sequence  shall  be  performed  using 
each  bus  as  the  primary-  bus  and  each  of  the  remaining  busses  in  turn  as  the 
alternate  bus,  including  verification  of  the  UOT  response  indicated. 

Step  1.    A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UOT. 

Step  2.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UOT. 

Step  3.    A  valid  legal  broadcast  selected  transmitter  shutdown  mode  com- 
mand shall  be  sent  to  the  UOT  on  the  first  bus  with  the  data  word 

encoded  to  shutdown  the  alternate  bus. 

Step  4.    A  transmit  last  command  mode  shall  be  sent  on  the  first  bus  to 
the  UOT. 

Step  5.    A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UOT. 

Step  6.    A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UOT. 

Step  7.    A  valid  legal  broadcast  override  selected  transmitter  shutdown 
mode  command  shall  be  sent  to  the  UOT  on  the  alternate  bus  with 
same  data  word  as  sent  in  step  3. 

Step  8.    A  valid  legal  command  shall  be  sent  to  the  UOT  on  the  alternate 
bus. 

Step  9.    A  valid  legal  broadcast  override  selected  transmitter  shutdown 
mode  command  shall  be  sent  to  the  UOT  on  the  first  bus  with  the 
same  data  word  as  sent  in  step  3. 

Step  10.  Repeat  step  4. 

Step  11.  A  valid  legal  command  shall  be  sent  on  the  alternate  bus  to  the 
UOT. 
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Step  12.  A  valid  legal  command  shall  be  sent  on  the  first  bus  to  the  UUT. 

Step  13.  Repeat  step  3  except  that  the  data  word  shall  be  encoded  with  a 
bit    pattern  that  would  normally  shutdown  the  first  bus  if  it 
was  sent  on  the  alternate  bus. 

Step  14.  Repeat  step  4. 

Step  15.  Repeat  step  5. 

Step  16.  Repeat  step  6. 

The  data  words  associated  with  step  3  and  step  13  for  each  bus  shall  be 
recorded. 

The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:    step  1- 
CS;  step  2-  CS;  step  3-  NR;  step  4-  BCR  (and  the  data  word  contains  the 
command  word  of  step  3);  step  5-  NR;  step  6-  CS;  step  7-  NR;  step  8-  NR; 
step  9-NR;  step  10-  BCR  (and  the  data  word  contains  the  command  word  of 
step  9);  step  11-  CS;  step  12-  CS;  step  13-  NR;  step  14-  BCR  (and  the  data 
word  contains  the  command  word  of  step  13);  step  15-  CS;  step  16-  CS. 

5.2.2.4.6    Broadcast  terminal  flag  bit  inhibit  and  override.    This  test  veri- 
fies that  the  UUT  recognizes  and  responds  properly  to  the  broadcast  mode  code 
commands  of  inhibit  terminal  flag  bit  and  override  inhibit  terminal  flag  bit. 
Beginning  in  step  2  of  the  test  sequence  below,  the  UUT  shall  be  caused  to  set 
the  terminal  flag  bit. 

Step  1.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  2.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  that  will 
set  the  terminal  flag  in  the  UUT  status  response.    Send  a  valid 
legal  receive  command  with  at  least  one  data  word  to  the  UUT. 

Step  3.    A  valid  legal  inhibit  terminal  flag  broadcast  mode  code  command 
shall  be  sent  to  the  UUT. 

Step  4.    A  transmit  last  command  mode  command  shall  be  sent  to  the  UUT. 

Step  5.    Repeat  step  1. 

Step  6.    A  valid  legal  override  inhibit  terminal  flag  broadcast  mode  code 
command  shall  be  sent  to  the  UUT. 

Step  7.    A  transmit  last  command  mode  command  shall  be  sent  to  the  UUT. 

Step  8.    A  valid  legal  receive  command  with  at  least  one  data  word  shall 
be  sent  to  the  UUT. 

Step  9.    Procedures,  as  defined  for  the  UUT,  shall  be  performed  which 

resets  the  TF  bit. 
Step  10.  Repeat  step  1. 
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The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  CS; 
step  2-  TF;  step  3-  NR;  step  4-  BCR  or  (BCR  and  TF)  and  in  either  case  the 
data  word  contains  the  command  word  of  step  3;  step  5-  CS;  step  6-  NR; 
step  7-  BCR  or  (BCR  and  TF)  and  in  either  case  the  data  word  contains  the 
command  word  of  step  6;  step  8-  TF;  step  10-  CS. 

5.2.2.4.7    Broadcast  reset  remote  terminal .    The  purpose  of  this  test  is  to 
verify  that  the  UUT  has  the  ability  to  recognize  the  broadcast  mode  code  com- 
mand to  reset  itself  to  a  power  up  initialized  state.    The  following  sequence 
shall  be  performed: 


Step  1.    A  broadcast  reset  remote  terminal  mode  ccmmand  shall  be  sent  to 
the  UUT  on  one  bus. 


Step  2.    After  time  T  from  step  1,  as  measured  per  figure  7,  a  valid 

legal  transmit  ccmmand  shall  be  sent  to  the  UUT  on  the  same  bus. 

Step  3.    The  time  T  shall  be  obtained  by  repeating  step  1  and  step  2  while 
varying  the  intermessage  gap  from  100  ms  down  to  4  us  in  the 
following  steps:    from  100  ms  to  6  ms  in  no  greater  than  1  ms 
steps,  and  from  6  ms  to  4  us  in  no  greater  than  10  us  steps. 
When  the  time  T  is  between  5  ms  and  100  ms  then  in  addition  to 
each  ccmmand  sent  in  step  2,  a  minimum  of  one  valid  legal  ccmmand 
shall  be  sent  to  the  UUT  positioned  within  4  ms  after  step  1. 

Step  4.    A  valid  legal  transmitter  shutdown  mode  ccmmand  shall  be  sent  to 
the  UUT  an  the  same  bus. 


Step  5.    A  valid  legal  ccmmand  shall  be  sent  to  the  UUT  on  the  alternate 
bus. 

Step  6.    A  broadcast  reset  remote  terminal  mode  command  shall  be  sent  to 
the  UUT  on  the  first  bus. 


Step  7.    After  5  ms  repeat  step  5. 

The  minimum  time  between  step  1  and  step  2  as  measured  per  figure  7  in  which 
the  UUT's  response  to  step  2  is  CS  (with  BUSY  bit  reset),  shall  be  recorded. 


The  pass  criteria  for  each  of  the  above  steps  shall  be  as  follows:  step  1-  NR; 
step  2-  CS  (with  BUSY  bit  reset)  for  all  time  T    >    5ms  and  CS  or  NR  for  T  < 
5  ms;  step  4-  CS;  step  5-  NR;  step  6-  NR;  step  7-  CS. 

5.2.2.4.8    Broadcast  dynamic  bus  control.    The  purpose  of  this  test  is  to 
insure  that  the  UUT  does  not  take  over  bus  control  function  in  response  to  a 
broadcast  mode  ccmmand.    The  following  sequence  shall  be  performed: 

Step  1.    A  broadcast  dynamic  bus  control  mode  ccmmand  shall  be  sent  to  the 
UUT. 

Step  2.    A  transmit  status  mode  command  shall  be  sent  to  the  UUT. 

The  pass  criteria  shall  be:    step  1-  NR;  step  2-  CS  (the  BCR  bit  shall  be  set, 
ME  bit  may  be  set,  but  the  DBA  bit  shall  not  be  set). 
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5.2.2.5    Error  injection  -  broadcast  messages.    The  purpose  of  this  test  is  to 
verify  the  UUT's  response  to  data  specific  errors  in  broadcast  messages. 
Unless  otherwise  noted,  the  following  test  sequence  shall  be  used  for  all 
error  injection  tests.    The  error  to  be  encoded  in  step  4  for  a  given  message 
is  specified  in  each  test  paragraph.    The  pass  criteria  is  defined  in  each 
test  paragraph.    All  responses  shall  be  recorded. 

Test  sequence: 


Step  1.  A  valid  legal  broadcast  message  shall  be  sent  to  the  UUT. 

Step  2.  A  transmit  last  ccmmand  mode  command  shall  be  sent  to  the  UUT. 

Step  3.  A  valid  legal  receive  message  shall  be  sent  to  the  UUT. 

Step  4.  A  broadcast  message  containing  the  specified  error  shall  be  sent 
to  the  UUT. 

Step  5.  A  transmit  last  command  mode  command  shall  be  sent  to  the  UUT. 

Step  6.  Repeat  Step  3. 


5.2.2.5.1  Parity:  bus  controller  (BC)-RT  broadcast.  The  purpose  of  this 
test  is  to  verify  the  UUT's  capability  to  detect  parity  errors  embedded  in 
different  words  within  a  message. 

5.2.2.5.1.1  Command  ward  error.    This  test  verifies  the  ability  of  the  UUT 
to  recognize  a  parity  error  in  the  broadcast  command.  The  test  sequence  as 
defined  in  5.2.2.5  shall  be  performed  with  a  parity  error  encoded  in  a  broad- 
cast command  for  test  step  4. 

The  pass  criteria  for  this  test  shall  be:    step  1-  NR;  step  2-  BCR  and  the 
data  word  contains  the  command  word  of  step  1;  step  3-  CS;  step  4-  NR;  step  JS- 
CS and  the  data  word  contains  the  ccmmand  ward  of  step  3;  step  6-  CS. 

5.2.2.5.1.2  Data  word  error.    This  test  verifies  the  ability  of  the  UUT  to 
recognize  a  parity  error  occurring  in  a  data  word.  The  test  sequence  as 
defined  in  5.2.2.5  shall  be  performed  with  a  parity   error  encoded  in  a  data 
word  for  step  4.  The  message  shall  be  a  BC-RT  (broadcast)  ccmmand  with  the 
maximum  number  of  data  words  that  the  UUT  is  designed  to  receive.  The  test 
sequence  must  be  executed  N  times,  where  N  equals  the  number  of  data  words  in 
the  message.    Each  data  word  in  the  message  will  be  transmitted  with  a  parity 
error.    Only  one  parity  error  is  allowed  per  message. 

The  pass  criteria  for  this  test  shall  be:    step  1-  NR;  step  2-  BCR  and  the 
data  word  contains  the  command  word  of  step'01;  step  3-  CS;  step  4-  NR; 
step  5-  ME  (BCR  may  be  set)  and  the  data  word  contains  the  ccmmand  word  of 
step  4;  step  6-  CS. 
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5.2.2.5.2    Message  length,  BC  to  RT  broadcast.    This  test  shall  verify  that 
the  UUT  recognizes  an  error  in  the  number  of  data  words  that  are  received. 
Perform  the  test  sequence  as  defined  in  5.2.2.5  with  the  data  word  count  error 
in  a  BC  -  RT  (broadcast)  message  for  test  step  4.    The  message  is  a  valid 
legal  broadcast  command  word  with  the  word  count  field  equal  to  the  maximum 
number  of  data  words  that  the  UUT  is  designed  to  receive  and  a  different 
number  of  data  words  than  specified  in  the  command  word.    The  test  sequence 
shall  be  performed  N+l  times,  where  N  equals  the  maximum  number  of  data  words. 

The  first  sequence  shall  have  N+l  data  words.  The  second  sequence  shall  have 
N-l  data  words.  Other  sequences  shall  remove  one  additional  data  word  until 
the  number  of  data  words  equals  zero. 

The  pass  criteria  for  this  test  shall  be:    step  1-  NR;  step  2-  BCR  and  the 
data  word  contains  the  command  word  of  step  1;  step  3-  CS;  step  4-  NR; 
step  5-  ME  (BCR  may  be  set)  and  the  data  word  contains  the  command  word  of 
step  4;  step  6-  CS. 

5.3   Noise  rejection  test  .    This  test  verifies  the  RT's  ability  to  operate  in 
the  presence  of  noise.    The  maximum  word  error  rate  for  a  RT  is  one  part  in 
107.    While  performing  this  test,  all  words  received  by  the  UUT  shall  be  in 
the  presence  of  an  additive  white  Gaussian  noise  distributed  over  a  bandwidth 
of  1.0kHz  to  4.0   MHz  at  an  RMS  amplitude  of  140mV  for  transformer  coupled 
stubs  or  200  mV  for  direct  coupled  stubs  measured  at  point  A  of  figure  9A  or 
figure  10A.    This  test  shall  be  conducted  with  a  signal  level  of  2.1  V  peak- 
to-peak,  line-to-line,  for  transformer  coupled  stubs  or  3.0  V  peak-to-peak, 
line-to-line,  for  direct  coupled  stubs  measured  at  point  A  of  figure  9A  or 
figure  10A.    The  rise  and  fall  time  of  the  transmitted  message  (measured  at  a 
data  bit  zero  crossing  with  the  prior  zero  crossing  and  the  next  zero  crossing 
at  500ns  intervals  from  the  measured  zero  crossing)  measured  at  point  "A" 
shall  be  200ns  +20ns.    Figure  9A  and  figure  10A  depict  the  configurations 
for  conducting  the  noise  rejection  test.    Air  Force  applications  shall  only 
use  the  configuration  in  figure  10A.    Figure  9B  and  figure  10B  depict  sug- 
gested configurations  for  the  noise  rejection  test.    The  noise  test  shall  run 
continuously  with  intermessage  gaps  of  >  lOOus  until  the  total  number  of  all 
words  received  by  the  UUT  exceeds  the  required  number  for  acceptance  of  the 
U7T  or  is  less  than  the  required  number  for  rejection  of  the  terminal,  as 
specified  in  table  III.    All  data  words  used  in  the  tests  shall  contain  random 
bit  patterns.    These  bit  patterns  shall  be  unique  for  each  data  word  in  a 
message  and  shall  change  randomly  from  message  to  message. 
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TABLE  III.    Criteria  for  acceptance  of  rejection  of 
a  terminal  for  the  noise  rejection  tests. 


Total  number  of  words  received  by  the  terminal 
(in  multiples  of  107) 


NO.  OF 

REJECT 

ACCEPT 

ERRORS 

(EQUAL  OR  LESS) 

(EQUAL  OR  M3RE) 

0 

N/A 

4.40 

1 

N/A 

5.21 

2 

N/A 

6.02 

3 

N/A 

6.83 

4 

N/A 

7.64 

5 

N/A 

8.45 

6 

.45 

9.27 

7 

1.26 

10.08 

8 

2.07 

10.89 

9 

2.88 

11.70 

10 

3.69 

12.51 

11 

4.50 

13.32 

12 

5.31 

14.13 

13 

6.12 

14.94 

14 

6.93 

15.75 

15 

7.74 

16.56 

16 

8.55 

17.37 

17 

9.37 

18.19 

18 

10.18 

19.00 

19 

10.99 

19.81 

20 

11.80 

20.62 

21 

12.61 

21.43 

22 

13.42 

22.24 

23 

14.23 

23.05 

24 

15.04 

23.86 

25 

15.85 

24.67 

26 

16.66 

25.48 

27 

17.47 

26.29 

28 

18.29 

27.11 

29 

19.10 

27.92 

30 

19.90 

28.73 

31 

20.72 

29.54 

32 

21.53 

30.35 

33 

22.34 

31.16 

34 

23.15 

31.97 

35 

23.96 

32.78 

36 

24.77 

33.00 

37 

25.58 

33.00 

38 

26.39 

33.00 

39 

27.21 

33.00 

40 

28.02 

33.00 

41 

33.00 

N/A 
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APPENDIX  A 

TEST  PLAN  TO  MJX-STD-1553B 

CROSS  REFERENCE 

P 

=  Primary  Reference 

R 

=  Related  Reference 

Test  Plan 

MIL-STD-1553B 

5.0 

Detailed  requirements 

5.1 

Electrical  tests 

5.1.1 

Output  characteristics 

5.1.1.1 

Amplitude                 (Transformer  coupled) 

4.5.2.1.1.1-P 

(Direct  coupled) 

4.5.2.2.1.1-P 

5.1.1.2 

Rise  time/fall  time  (Transformer  coupled) 

4.5.2.1.1.2-P 

(Direct  coupled) 

4.5.2.2.1.2-P 

5.1.1.3 

Zero  crossing  stability 

(Transformer  coupled) 

4.5.2.1.1.2-P 

(Direct  coupled) 

4.5.2.2.1.2-P 

5.1.1.4 

Distortion,  overshoot  &  ringing 

(Transformer  coupled) 

4.5.2.1.1.2-P 

(Direct  coupled) 

4.5.2.2.1.2-P 

5.1.1.5 

Output  symmetry        (Transformer  coupled) 

4.5.2.1.1.4-P 

(Direct  coupled) 

4.5.2.2.1.4-P 

5.1.1.6 

Output  noise             (Transformer  coupled) 

4.5.2.1.1.3-P 

(Direct  coupled) 

4.5.2.2.1.3-P 

5.1.1.7 

Output  isolation 

4.6.1-P 

30.10.6-P 

5.1.1.8 

Power  on/off 

5.1.1.8.1 

Power  on/off  noise    (Transformer  coupled) 

30.10.6-P 

(Direct  coupled) 

30.10.6-P 

5.1.1.8.2 

Power  on  response 

30.5.1-P 

3.16-R 

5.1.1.9 

Terminal  response  time 

4.3.3.8-P 

5.1.1.10 

Frequency  stability 

4.3.3.3-P 

5.1.2 

Input  characteristics 

(Transformer  coupled) 

4.5.2.1.2-P 

(Direct  coupled) 

4.5.2.2.2-P 

5.1.2.1 

Input  waveform  compatibility 

(Transformer  coupled) 

4.5.2.1.2.1-P 

(Direct  coupled) 

4.5.2.2.2.1-P 

5.1.2.1.1 

Zero  crossing  distortion 

(Transformer  coupled) 

4.5.2.1.2.1-P 

(Direct  coupled) 

4.5.2.2.2.1-P 

5.1.2.1.2 

Amplitude  variations 

(Transformer  coupled) 

4.5.2.1.2.1-P 

(Direct  coupled) 

4.5.2.2.2.1-P 

5.1.2.1.3 

Rise  and  fall  time 

4.5.2.1.2.1-P 

5.1.2.1.3.1 

Trapezoidal 

4.5.2.1.2.1-P 

5aX«2aX*3«2 

Sinusoidal 

4.5.2.1.2.1-P 
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p 

=  Primary  Reference 

R 

=  Related  Reference 

Test  Plan 

MIL-STD-1553B 

5.1.2.2 

Cairoon  mode  rejection 

(Transformer  coupled) 

4.5.2.1.2.2-P 

(Direct  coupled) 

4.5.2.2.2.2-P 

5.1.2.3 

Input  impedance        (Transformer  coupled) 

4  5  2  12  3-P 

(Direct  coupled) 

4. 5. 2. 2. 2. 3-P 

5.2 

Protocol  tests 

4. 4.1. 3-P 

4.2.3-R 

5.2.1 

Required  remote  terminal  operation 

4. 4. 3-P 

5.2.1.1 

Response  to  command  words 

5.2.1.1.1 

RT  response  to  command  words 

4.3.3. 6-P 

4. 4. 3-P 

5.2.1.1.2 

RT-RT  response  to  command  words 

4.3.3. 6-P 

4. 4. 3-P 

5.2.1.2 

Intermessage  gap 

5.2.1.2.1 

Minimum  time 

4.3.3.7-P 

5.2.1.2.2 

Transmission  rate 

4.3.3.7-P 

4.3.3.8-R 

5.2.1.3 

Error  injection 

4.3.3.5.1.6-R 

4.3.3. 5. 3. 3-P 

4.4.1.1-R 

4.4.3. 1-R 

4.4.3.3-R 

4.4.3. 5-R 

4.4.3.6-R 

5.2.1.3.1 

Parity 

4.3.3.5.1.6-R 

4. 3. 3. 5. 3. 3-P 

4.4.1.1-R 

4. 4. 3. 1-R 

4. 4. 3. 3-P 

5.2.1.3.1.1 

Transmit  command  word 

4.3.3.5.1.6-R 

4.3.3. 5. 3. 3-P 

4.4.1.1-R 

4. 4. 3. 3-P 

4.4.3. 5-R 

4.4.3.6-R 

5.2.1.3*1.2 

Receive  command  word 

4.3.3.5.1.6-R 

4. 3. 3. 5. 3. 3-P 

4.4.1.1-R 

4. 4. 3. 3-P 

4. 4. 3. 5-R 

4.4.3.6-R 

5.2.1*3.1.3 

Receive  data  word 

4.3.3.5.1.6-R 

4.3.3. 5. 3. 3-P 

4.4.1.1-R 

4.4.3.1-R 

4.4.3. 3-P 

4. 4. 3. 5-R 

4.4.3.6-R 
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P  =  Primary  Reference 

R  =  Related  Reference 

Test  Plan 

MIL-STD-1553B 

5.2.1.3.2        Ward  length 

4.3.3.4-R 

4.3.3.5.3.3-P 

4.4.1.1-R 

4.4.3. 1-R 

4.4.3.3-P 

5.2.1.3.2.1     Transmit  command  word 

4.3.3.4-P 

4.3.3.5.3.3-P 

4.4.1.1-R 

4.4.3.3-P 

4.4.3. 5-R 

5.2.1.3.2.2     Receive  command  word 

4.3.3.4-P 

4.3.3.5.3.3-P 

4.4.1.1-R 

4.4.3.3-P 

4.4.3.6-R 

5.2.1.3.2.3     Receive  data  words 

4.3.3.4-P 

4.3.3.5.3.3-P 

4.4.1.1-R 

4.4.3.6-R 

5.2.1.3.3        Bi-phase  encoding 

4.3.3.2-P 

4.3.3. 5. 3. 3-R 

4.4.1.1-R 

4.4.3. 5-R 

4.4.3.6-R 

5.2.1.3.3.1     Transmit  command  word 

4.3.3.2-P 

4.3.3. 5. 3. 3-R 

4.4.1.1-R 

4.4.3. 3-R 

5.2.1.3.3.2     Receive  command  word 

4.3.3.2-P 

4.3.3. 5. 3. 3-R 

4.4.1.1-R 

4. 4. 3. 3-R 

5.2.1.3.3.3     Receive  data  word 

4.3.3.2-P 

4<>3*3.5.3»  3— R 

4.4.1.1-R 

4.4.3. 5-R 

4.4.3.6-R 

5.2.1.3.4        Sync  encoding 

4.3.3.5.1.1-P 

4.3.3.5.2.1-P 

4.3.3.5.3.1-P 

4.4.1.1-R 

4. 4. 3. 3-R 

4.4.3. 5-R 

4.4.3.6-R 
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P  =  Primary  Reference 

R  =  Related  Reference 

Test  Plan 

MIL-STD-1553B 

5.2.1.3.4.1 

Transmit  command  word 

4.3.3.5.1.1-P 

4.4.1. 1-R 

4.4.3.3-R 

5*2. X. 3*4*2 

Receive  command  word 

4.3.3.5.1.1-P 

4.4.1. 1-R 

4.4.3.3-R 

5*2* 1*3*4.3 

Data  word 

4.3.3.5.2.1-P 

4.4.1. 1-R 

4.4.3.6-R 

5*2«la3a5 

Message  length 

4.3.3.5.1.5-P 

5.2.1.3.5.1 

Transmit  command 

4.3.3.5.1.5-P 

4.3.3.6-R 

4.3.3.6.2-R 

5  •  2  *  1 . 3  •  5  •  2 

Receive  command 

4.3.3.5.1.5-P 

4.3.3.6-R 

4.3.3. 6. 1-R 

5.2.X.3.5.3 

Mode  command  word  count  error 

4.3.3.6-R 

5.2.1.3.5.4 

RT  to  RT  word  count  error 

4.3.3.5.1.5-P 

4.3.3.6-R 

5.2.1.3.6 

Contiguous  data 

4.3.3. 6. 1-P 

4.4.1.2-R 

4.4.3.5-R 

5.2.1.3.7 

Terminal  fail-safe 

4.4.1. 3-P 

5.2.1.4 

Superseding  commands 

4.4.3.2-P 

5.2.1.5 

Required  mode  commands 

30.4.2. 1-P 

4.3.3.5.1.7-P 

5.2.1.5.1 

Transmit  status 

4. 3. 3. 5. 1.7. 3-P 

5  •  2  a  X  ■  5  •  2 

Transmitter  shutdown  &  override 

4.3.3.5.1.7.5-P 

4.3.3. 5.1. 7. 6-P 

5.2.1.5.3 

Reset  remote  terminal 

4. 3.3.5.1. 7. 9-P 

30.4.3-P 

5.2.1.6 

Data  wrap-around 

30.7-P 

R   1    1  *7 
0. Z. X .  / 

DTI    1        CP    4*4  tyw^i  1-4— 

Ki  to  ki  timeout 

30.9-P 

4.3.3. 9-P 

5.2.1.8 

Bus  switching 

4.6.3-P 

30.2-R 

5.2.1.9 

UtiAcjug  ^<^^"*^sss 

30. 3-P 

4.3.3.5.1.2-R 

5.2.2 

Optional  operation 

5.2.2.1 

Optional  mode  commands 

4.3.3.5.1.7-P 

5.2.2.1.1 

Dynamic  bus  control 

4.  d.  3. 5. 1.7. 1-P 

4.3.3.5.3.10-R 

5.2.2.1.2 

Synchronize 

5.2.2.1.2.1 

Synchronize  without  data  word 

4.3.3.5.1.7.2-P 

5.2.2.1.2.2 

Synchronize  with  data  word 

4.3.3.5.1. 7. 12-P 

5.2.2.1.3 

Initiate  self-test 

4.3.3.5.1.7.4-P 

30.4. 4-P 
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P  = 

Primary  Reference 

R  = 

Related  Reference 

Test  Plan 

MCL-STD-1553B 

5.2.2.1.4 

Transmit  bit  word 

4.3.3.5. 1.7.14-P 

5.2.2.1.5 

Selective  transmitter  shutdown  &  override 

4.3.3.5.1. 7. 15-P 

4.3.3.5.1.7.16-P 

5. 2.2. 1. 6 

Terminal  flag  bit  inhibit  and  override 

4.3.3. 5.1. 7. 7-P 

4.3.3.5.1.7.8-P 

5.2.2.1.7 

Transmit  vector  word 

4.3.3.5.1.7.11-P 

5.2.2.1.8 

Transmit  last  command 

4.3.3.5. 1.7.13-P 

5.2.2.2 

Status  word  bits 

4.3.3.5.3-P 

30.5.2-P 

5.2.2.2.1 

Service  request 

4.3.3.5.3.5-P 

5.2.2.2.2 

Broadcast  command  received 

4. 3. 3. 5. 3. 7-P 

5.2.2.2.3 

Busy 

4.3.3.5.3.8-P 

30.5.3-P 

5.2.2.2.4 

Subsystem  flag 

4.3.3.5.3.9-P 

5.2.2.2.5 

Terminal  flag 

4.3.3.5.3.11-P 

5.2*2. 3 

Illegal  command 

4.4.3.4-P 

5.2.2.4 

Broadcast  mode  commands 

4.3.3.6.7.3-P 

4.3.3.6.7.4-P 

5.2.2.4.1 

Broadcast  synchronize  (without  data  word) 

4.3.3.5.1.7.2-P 

4.3.3.6.7.3-P 

5  •  2  .  2  •  4  •  2 

Broadcast  synchronize  (with  data  word) 

4.3.3.5.1.7.12-P 

4.3.3.6.7.4-P 

5.2.2.4.3 

Broadcast  initiate  self-test 

4.3.3.5.1. 7. 4-P 

4.3.3.6.7.3-P 

5.2.2.4.4 

Broadcast  transmitter  shutdown  and  override 

4.3.3.5.1.7.5-P 

4.3.3.5.1.7.6-P 

4.3.3.6.7.3-P 

5.2.2.4. 5 

Broadcast  selective  transmitter  shutdown 

and  override 

4.3.3.5.1.7.15-P 

4.3.3.5.1.7.16-P 

4.3.3.6.7.4-P 

5.2.2.4.6 

Broadcast  terminal  flag  bit  inhibit 

and  override 

4.3.3.5.1.7.7-P 

4.3.3.5.1.7.8-P 

4.3.3.6.7.3-P 

5.2.2.4.7 

Broadcast  reset  remote  terminal 

4.3.3.5.1.7.9-P 

4.3.3.6.7.3-P 

5.2.2.4.8 

Broadcast  dynamic  bus  control 

4.3.3. 5.1. 7. 1-P 
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P 

=  Primary  Reference 

R 

=  Related  Reference 

Test  Plan 

MIL-STD-1553B 

5.2.2.5           Error  injection  -  broadcast  messages 

4.3.3.5.3.3-P 

4.3.3.5.3.7-R 

4.4.1.1-R 

4.4.3.1-R 

4.4.3.3-R 

4.4.3.5-R 

4.4.3. 6-R 

5.2.2.5.1        Parity:  BC-RT  broadcast 

4.3.3.5.1.6-P 

4.3.3.6.7.1-R 

5.2.2.5.2        Gjiuiand  word  error 

4.3.3.5.1.6-P 

4.3.3.5. 1-R 

5.2.2.5.3        Data  word  error 

4.3.3.5.1.6-P 

4.3*3* 5*  2— R 

5.2.2.5.4        Message  length,  BC  to  RT  broadcast 

4.3.3.6.7.1-P 

4.4.3.6-P 

4.3.3.5.3.7-R 

5.3                 Noise  rejection        (Transformer  coupled) 

4.5.2.1.2.4-P 

(Direct  coupled) 

4.5.2.2.2.4-P 
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MLL-STD-1553B  TO  TEST  PLAN 

CROSS  REFERENCE 

MIL-STD-1553B 

Test  Plan 

4. 

General  requirements 

4.1 

Test  &  operating  requirements 

none 

4.2 

Data  bus  operation 

5.2 

4.3 

Characteristics 

4.3.1 

Data  form 

none 

4.3.2 

Bit  priority 

none 

4.3.3 

Transmission  method 

4.3.3.1 

Modulation 

none 

4.3.3.2 

Data  code 

5.2. X  •  3  *  3 

4.3.3.3 

Transmission  bit  rate 

5.1.1.10 

4.3.3.4 

Word  size 

5*2. X. 3*2 

4.3.3.5 

Word  formats  -  command 

5.2.1.1 

-  data 

none 

-  status 

5.2.2.2 

4.3.3.5.1 

Command  word 

5.2.1.1 

4.3.3.5.1.1 

Sync 

5.2.1.3.4.1 

4.3.3.5.1.2 

Remote  terminal  address  (not  11111) 

5.2.1.1 

(  11111) 

5.2.1.1 

4.3.3.5.1.3 

Transmit/receive 

5.2 

4.3.3.5.1.4 

Subaddress/mode  -  subaddress 

5.2.1.1 

—  mode 

5.2.2.1 

4.3*3.5*X.5 

Data  word  count/mode  code  -  word  count 

5.2.1.3.5 

-  mode  code 

5.2.2.1 

4.3.3.5.1.6 

Parity 

5.2.1.3.1 

4.3.3.5.1.7 

Optional  mode  control 

5.2.2.1 

4.3.3.5.1.7.1 

Dynamic  bus  control 

5.2.2.1.1 

4.3.3.5.1.7.2 

Synchronize  (without  data  word) 

5*2.2*1*2*X 

4.3.3.5.1.7.3 

Transmit  status  word 

5.2.1.5.1 

4.3.3.5.1.7.4 

Initiate  self  test 

5*2*2.1*3 

4.3.3.5.1.7.5 

Transmitter  shutdown 

5.2.1*5*2 

4.3.3.5.1.7.6 

Override  transmitter  shutdown 

5.2.1.5.2 

4.3.3.5.1.7.7 

Inhibit  T/F  bit 

5.2.2.1.6 

4.3.3.5.1.7.8 

Override  inhibit  T/F  flag 

5.2.2.1.6 

4.3.3.5.1.7.9 

Reset  remote  terminal 

5.2.1.5.3 

4.3.3.5.1.7.10 

Reserved  mode  codes  (01001-01111) 

5.2.1.1 

4.3.3.5.1.7.11 

Transmit  vector  word 

5.2.2.1.7 

4.3.3.5.1.7.12 

Synchronize  (with  data  word) 

5.2.2.1.2.2 

4.3.3.5.1.7.13 

Transmit  last  command  word 

5.2.2.1*8 

4.3.3.5.1.7.14 

Transmit  built-in-test  (BIT)  word 

5*2*2*1.4 

4.3.3.5.1.7.15 

Selected  transmitter  shutdown 

5.2.2.X. 5 

4.3.3.5.1.7.16 

Override  selected  transmitter  shutdown 

5*2.2.1.5 

4.3.3.5.1.7.17 

Reserved  mode  codes  (10110  to  11111) 

5.2.1.1 
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MIL-STD-1553B  Test  Plan 


4.3.3.5.2 

Data  word 

4»3.3.5.2. 1 

Sync 

5.2.1.3.4. 

4.3«3»5.2.2 

Data 

none 

4«3»3»5.2»3 

Parity 

4.1 

4.3.3.5.3 

Status  word 

5  •  2  •  2 . 2 

4 * 3 « 3  •  5  *  3 » 1 

Sync 

4.2 

4»3«3.5.3«2 

RT  address 

4.2 

4»3»3«5»3«3 

Message  error  bit 

5.2.1.3 

4.3»3.5«3.4 

Instrumentation  bit 

4.2 

4.3.3.5.3.5 

Service  request  bit 

5«2.2.2.1 

4.3.3.5.3.6 

Reserved  status  bits 

4.2 

4.3.3.5.3.7 

Broadcast  command  received  bit 

5.2.2.2.2 

4.3.3.5.3.8 

Busy  bit 

5.2.2.2.3 

4.3.3.5.3.9 

Subsystem  flag  bit 

5*2.2.2.4 

4.3.3.5.3.10 

Dynamic  bus  control  acceptance  bit 

5.2.2.1.1 

4.3.3.5.3.11 

Terminal  flag  bit 

5*2.2.2.5 

4.3.3.5.3.12 

Parity  bit 

4.2 

4.3.3.5.4 

Status  word  reset 

5 » 2  ■  2  •  2 

4.3.3.6 

Message  formats 

n/a 

4.3.3.6.1 

BC  to  RT  transfers 

5.2.1.1.1 

4.3.3.6.2 

RT  to  BC  transfers 

5.2.1.1.1 

4.3.3.6.3 

RT  to  RT  transfers 

5.2.1.1.2 

4.3.3.6.4 

Mode  command  w/o  data  word 

5.2.2.1 

4.3.3.6.5 

Mode  command  with  data  word  (transmit) 

5.2.2.1 

4.3.3.6.6 

Mode  command  data  word  (receive) 

5.2.2.1 

4.3.3.6.7 

Optional  broadcast  command 

5.2.1.1 

4.3.3.6.7.1 

BC  to  RT  transfer  (broadcast) 

5.2.1.1 

4.3.3.6.7.2 

RT  to  RT  transfer  (broadcast) 

5.2.1.1 

4.3.3.6.7.3 

Mode  commands  w/o  data  word  (broadcast) 

5.2.2.4 

4.3.3.6.7.4 

Mode  commands  with  data  word  (broadcast) 

5.2.2.4 

4.3.3.7 

Intermessage  gap 

5.2.1.2 

4.3.3.8 

Response  time 

4.2 

5.1.1.9 

4.3.3.9 

Minimum  no-response  time-out 

5.2.1.7 

4.4 

Terminal  operation 

4.4.1 

Common  operation 

4.4.1.1 

Word  validation 

5.2.1.3 

4.4.1.2 

Transmission  continuity 

5.2.1.3.6 

4.4.1.3 

Terminal  fail-safe 

5.2.1.3.7 

4.4.2 

Bus  controller  operation 

n/a 

4.4.3 

Remote  terminal 

5.2 

4.4.3.1 

Operation 

5.2.1.1 

4.4.3.2 

Superseding  valid  commands 

5.2.1.4 

4.4.3.3 

Invalid  commands 

5.2.1.3 

4.4.3.4 

Illegal  commands 

5.2.2.3 

4.4.3.5 

Valid  data  reception 

5.2.1.3 

4.4.3.6 

Invalid  data  reception 

5.2.1.3 

4.4.4 

Bus  monitor  (operation 

n/a 
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Test  Plan 

4.5 

Hardware  characteristics 

4.5.1 

Data  bus  characteristics 

4.5.1.1 

Cable 

n/a 

4.5.1.2 

Characteristics  impedance 

n/a 

4.5.1.3 

Cable  attenuation 

n/a 

4.5.1.4 

Cable  termination 

n/a 

4.5.1.5 

Cable  stub  requirements 

n/a 

4.5.1.5.1 

Transformer  coupled  stubs 

n/a 

4.5.1.5.1.1 

Coupling  transformer 

n/a 

4.5.1.5.1.1.1 

Transformer  input  impedance 

n/a 

4.5.1.5.1.1.2 

Transformer  waveform  integrity 

n/a 

4.5.1.5.1.1.3 

Transformer  common  mode  rejection 

n/a 

Fault  isolation 

n/a 

4.5.1.5.1.3 

Cable  coupling 

n/a 

4.5.1.5.1.4 

Stub  voltage  requirements 

n/a 

4.5.1.5.2 

Direct  coupled  stubs 

n/a 

4.5.1.5.2.1 

Fault  isolation 

n/a 

4.5.1.5.2.2 

Cable  coupling 

n/a 

4.5.1.5.2.3 

Stub  voltage  requirements 

n/  a 

4.5.1.5.3 

Wiring  &  cabling  for  EMC 

n/a 

4.5.2 

Terminal  characteristics 

5.1 

4.5.2.1 

Terminals  with  transformer  coupled  stubs 

5.1 

4.5.2.1.1 

Terminal  output  characteristics 

5.1.1 

4.5.2.1.1.1 

Output  levels 

5.1.1.1 

4.5.2.1.1.2 

Output  waveform 

5.1.1.2 

5.1.1.3 

5.1.1.4 

4.5.2.1.1.3 

Output  noise 

5.1.1.6 

5.1.1.8 

4.5.2.1.1.4 

Output  symmetry 

5.1.1.5 

4.5.2.1.2 

Terminal  input  characteristics 

5.1.2 

4.5.2.1.2.1 

Input  waveform  compatibility 

5.1.2.1 

4  •5*2*X*2*2 

Cannon  mode  rejection 

5.1.2.2 

4.5.2.1.2.3 

Input  impedance 

5.1.2.3 

4.5.2.1.2.4 

Noise  rejection 

5.3 

4.5.2.2 

Terminals  with  direct  coupled  stubs 

5.1 

4.5.2.2.1 

Terminal  output  characteristics 

5.1.1 

4.5.2.2.1.1 

Output  levels 

5.1.1.1 

4*5*2*2*X*2 

Output  waveform 

5.1.1.2 

5.1.1.3 

5.1.1.4 

4. 5*2.2. 1*3 

Output  noise 

5.1.1.6 

5.1.1.8 

4.5.2.2.1.4 

Output  symmetry 

5.1.1.5 

4«5*2«2*2 

Terminal  input  characteristics 

5.1.2 

4B 5*2a2*2*l 

Input  waveform  compatibility 

5.1.2.1 

4*5.2.2.2.2 

Common  mode  rejection 

5.1.2.2 

4.5.2.2.2.3 

Input  impedance 

5.1.2.3 

4.5.2.2.2.4 

Noise  rejection 

5.3 
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MIL-STD-1553B 

Test  Plan 

A  fx 

DaA  ir»Har»4~  Ha-ha  hi  iq  mom  n"  T"e»m&ri"t~Q 

5.2.1.8 

A  fx  1 

in  or*t'T"i  na  1    n  cnl  a-h-i  nn 

5.1.1.7 

A  ft  O 

n/a 

A  fi 

rs  ial    cH~annT"K7  t~oHi  rrv^ari+"  Ha^a  ni  iq 

U  LLcLL    O  Udl  ILJUy    J-  CUU1  KJCM  1  L,    UO  La  LJUO 

5.2.1.8 

A    fx    "3  1 

ud  Lei  uiio  auuiviLy 

5.2.1.8 

A       °,  9 

OUpclOCLLUILJ    vaiiu  UJIIlKU  JUS 

5.2.1.8 

fiRMRRAL  RBlXjTREMENTS 

n/a 

LlUl  1    OClt%<  L.1H  1 

n/a 

on  9 

n£j£/J.  l\Ja  lltl  1 

n/a 

on  °, 

T  fr\-t  rn  10  aHHnoQQ 

5.2.1.9 

1  JJUC  LA_A_ifcIO 

n/a 

on  >i  i 
OU.4. 1 

oUOoQCLlBSS/ UXXjS 

5.2.1.5 

on  a  o 

rtpfpn  mQ  ntxae  coass 

n/a 

on  4  o  i 

5.2.1.5 

on  a  o  0 

DLLs                             Itajl  i  l  l         itl^utr  UJico 

n/a 

O.A   A  O. 

Kcset  renc/ce  LtiiiiLLi icij- 

5.2.1.5.3 

o.n  ii  4 

Trt-t  4--f  afo   RT  col  f-foc+ 

olaCUb  UULU  U-L  Lo 

n/a 

30.5.1 

Information  content 

5.1.1.8.2 

30.5.2 

Status  bit  requirements 

30.5.3 

Busy  bit 

5.2.2.2.3 

30.6 

Broadcast 

5.2.1.1 

30.7 

Data  wrap-around 

5.2.1.6 

30.8 

Message  formats 

n/a 

30.9 

RT  to  RT  validation 

5.2.1.7 

30.10 

Electrical  characteristics 

n/a 

30.10.1 

Cable  shielding 

n/a 

30.10.2 

Shielding 

n/a 

30.10.3 

Connector  polarity 

n/a 

30.10.4 

Characteristic  impedance 

n/a 

30.10.5 

Stub  coupling 

n/a 

30.10.6 

Power  on/off  noise 

5.1.1.8 
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APPENDIX  C 


TEST  PLAN  CHANGES  FOR  MIL-STD-1553B  ONLY  RTs 


For  remote  terminals  designed  to  only  comply  with  MIL-STD-1553B,  the  following 
changes  shall  be  made  for  the  pass  criteria  in  this  document. 

1.  The  following  paragraphs  are  optional  and  are  subject  to  the  same  require- 
ments as  5.2.2. 


2.  For  the  following  paragraphs,  the  pass  criteria  for  step  2  shall  be 
changed  to  delete  the  words  "(with  BUSY  bit  reset)." 


3.  For  5.1.1.8.1  Power  on/off  noise,  the  pass  criteria  shall  not  be  defined 
in  this  document. 

4.  For  the  following  paragraphs,  the  requirement  to  implement  both  mode  code 
indicators  of  all  zeros  and  all  ones  is  optional  and  subject  to  the  same 
requirements  as  5.2.2.    The  RT  must  meet  the  pass  criteria  for  either  all 
zeros  or  all  ones,  but  is  not  required  to  meet  both. 

5.2.1.5  Required  mode  commands 

5.2.2.1  Optional  mode  commands 

5.2.2.4  Broadcast  mode  commands 

5.  The  following  note  shall  be  added  to  the  end  of  5.2.1.3. 

Note:  If  transmit  status  mode  command  is  not  implemented,  then  transmit  last 
command  mode  command  shall  be  used.  If  neither  mode  command  is  implemented, 
then  step  3  shall  be  deleted. 


5.2.1.5 
5.2.1.5.1 
5«2* 1 » 5  f  2 

5a2ala5a3 


Required  mode  commands 
Transmit  status 

Transmitter  shutdown  and  override 

Reset  remote  terminal 

Data  wrap-around 

RT  to  RT  timeout 

Bus  switching 

Unique  address 


5.2.1.6 
5.2.1.7 
5.2.1.8 
5.2.1.9 


5  •  2  •  2  9 1  *  3 
5 « 2 » X  ■  5 » 3 
5  •  2  •  2  •  4  •  3 
5»2»2»4»7 


Initiate  self -test 
Reset  remote  terminal 
Broadcast  initiate  self -test 
Broadcast  reset  remote  terminal 
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APPENDIX  D 


TEST  PLAN  CHANGES  FOR  MEL-STD-1553B ,  NOTICE  1  RTs 


Far  remote  terminals  designed  to  comply  with  MIL-STD-1553B,  Notice  1,  the 
following  changes  shall  be  made  for  the  pass  criteria  in  this  document. 

1.    The  following  paragraphs  are  optional,  and  are  subject  to  the  same 
requirements  as  5.2.2. 


5.2.1.5  Required  mode  commands 

5.2.1.5.1  Transmit  status 

5.2.1.5.2  Transmitter  shutdown  and  override 

5.2.1.5.3  Reset  remote  terminal 

5.2.1.6  Data  wrap-around 

5.2.1.7  RT  to  RT  timeout 
5.2.1.9  Unique  address 


2.  For  the  following  paragraphs,  the  pass  criteria  for  step  2  shall  be 
changed  to  delete  the  words  "(with  BUSY  bit  reset)." 

5.2.2.1.3  Initiate  self-test 

5.2.1.5.3  Reset  remote  terminal 

5.2.2.4.3  Broadcast  initiate  self-test 

5.2.2.4.7  Broadcast  reset  remote  terminal 


3.  For  5.1.1.8,  the  pass  criteria  shall  not  be  defined  in  this  document. 

4.  For  the  following  paragraphs  the  requirement  to  implement  mode  code  indi- 
cator of  all  ones  is  optional  and  subject  to  the  same  requirements  as  5.2.2. 


5.2.1.5  Required  mode  commands 

5.2.2.1  Optional  mode  commands 

5.2.2.4  Broadcast  mode  commands 


5.    The  following  note  shall  be  added  to  the  end  of  5.2.1.3. 

Note:    If  transmit  status  mode  command  is  not  implemented,  then  transmit  last 
command  mode  command  shall  be  used.    If  neither  mode  command  is  implemented, 
then  step  3  shall  be  deleted. 
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TESTER 


R4 


R3 


R1 


R2 


■VvV 

R5 


UUT 


R1,  R2 
R3,  R4,  R5 


DIRECT  COUPLED 

35  ohms  ±2% 

20 

100 


TRANSFORMER  COUPLED 

70  ohms  ±2% 

46.5 

93.1 


GENERAL  RESISTOR  PAD  CONFIGURATION 
Figure  1A. 
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MIL-STD-1553  DATA  BUS 


*  NOTE:  REFERENCE  FIGURES  9A  AND  10A  OF  MIL-STD-1553 
FOR  DATA  BUS  INTERFACE  COUPLING. 
REFERENCE  FIGURE  10B  OF  THIS  TEST  PLAN  FOR 
SUGGESTED  CABLE  TYPE,  BUS  AND  STUB  LENGTHS,  ETC. 


GENERAL  BUS  CONFIGURATION 
Figure  1B. 
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WAVEFORM  MEASUREMENTS 
Figure  2. 
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UUT 


Rl 


1 


FLOATING 
TRUE  RMS 
DIFFERENTIAL 
VOLTMETER 


TRANSFORMER  COUPLED 
DIRECT  COUPLED 


Rl  =  70.0  ohms  ±2% 
RL  =  35.0  ohms  ±2% 


OUTPUT  NOISE  CONFIGURATION 
Figure  4. 
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R4 

■vw 


BUS 
TESTER 


R3 


R1 


R2 


R5 


T 


VA 


1 


UUT 


R6 


1 


DIRECT  COUPLED  TRANSFORMER  COUPLED 

35  ohms  ±2%  70  ohms  ±2% 

R1.  R2                                 20  46.5 

R3,  R4,  R5                            100  93  1 

R6                                      35  70 

dB  =  20  LOG  ¥± 
VB 


OUTPUT  ISOLATION 
Figure  5. 
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SWEEP  GENERATOR 
±10VP  line-to-ground 


R  =  0.75  Zo  ±2% 
Zo  —  Selected  Cable  Nominal  Characteristic  Impedance 


TRANSFORMER  COUPLED 
COMMON  MODE  CONFIGURATION 
Figure  6A. 


60 


VI-68 


ilc  DATA  device  MIL- STD -1553  DESIGNER'S  GUIDE 


MIL-HDBK-1553 

24  September  1986 


COUPLER* 


BUS 
TESTER 


SWEEP  GENERATOR 
±10VP  line-to-ground 


*-  Transformer  Coupled  Stub  Must  Be  Used 

Zo  -  Selected  Cable  Nominal  Characteristic  Impedance 


DIRECT  COUPLED 
COMMON  MODE  CONFIGURATION 
Figure  6B. 
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BIT 


TIME 


BIT 


TIME 


19 


20 


SYNC 


GAP  TIME  MEASUREMENT 

Figure  7. 
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RT-TO-RT 

RECEIVE 

TRANSMIT 

•  • 

STATUS 

DATA 

DATA 

•  •  •  • 

DATA 

•  • 

STATUS 

TRANSFERS 

COMMAND 

COMMAND 

WORD 

WORD 

WORD 

WORD 

WORD 

L   TO    jL    TO    j|  L_ 

r     UUT      T  TESTER^  r 


TESTER  RESPONSE 


<Ji 
W 


I  I 
I  I 


I  I 


BIT 


COMMAND  SYNC 


1  r 


I  COMMAND  I 
I     WORD  I 


I  I 
I  I 


I  I 
I 


BIT 


BIT 


DATA 
™       hit  r 


8sQ 

■ 


T  =  54  to  60  /usee  measured  as  shown. 
Delay  tester  response  until  UUT  response  goes  away. 


RT  —  RT  TIMEOUT  MEASUREMENT 
Figure  8. 
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R4 


BUS 
TESTER 


R3 


R1 


R2 


R5 


NOISE 
INJECTION 
BOX 


NOISE  GATE 
(OPTIONAL) 


NOISE 
GENERATOR 


TERMINAL 
UNDER 
TEST 


SIGNAL 
AND  NOISE 
MEASUREMENT 
EQUIPMENT 


DIRECT  COUPLED  TRANSFORMER  COUPLED 

35  ohms  ±2%  70  ohms  ±2% 

R1,  R2  20  46.5 

R3,  R4,  R5  100  93.1 


CONFIGURATION  FOR  NOISE  REJECTION  TEST 
Figure  9A. 
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BUS 
TESTER 


R4 


R3 


R5 


T1 
R6 


■n 

-wv- 

R8 


NOISE  GATE 
"(OPTIONAL)" 


R7 


FLOATING* 
DIFFERENTIAL 
TRUE  RMS 
VOLTMETER 


NOISE* 
GENERATOR 


UUT* 


OSCILLOSCOPE* 


R1, 
R3, 


R2 
R4, 


R5 


DIRECT  COUPLED 
35  ohms  ±2% 
20 
100 


TRANSFORMER  COUPLED 
70  ohms  ±2% 
46.5 
93.1 


R6,  R7  =  180  ohm,  1/2  W 
R8  =  56  ohms,  1/2  W 

T1  —  1:1.41  MIL-STD-1553B  TRANSFORMER 
•SEPARATE  AC  POWER  ISOLATION  &  FILTERS 


SPECTRUM 
ANALYZER 


SUGGESTED  CONFIGURATION  FOR  NOISE  REJECTION  TEST 

Figure  9B. 
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MIL-STD-1553  DATA  BUS 

BUS 
TESTER 


NOISE  GATE 
(OPTIONAL) 


NOISE 
GENERATOR 


NOISE 
INJECTION 
BOX 


SIGNAL 
AND  NOISE 
MEASUREMENT 
EQUIPMENT 


CONFIGURATION  FOR  NOISE  REJECTION  TEST 
Figure  10A. 
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In-*- 


-*-LH 


COUPLER 
BOX 


MIL-STD-1553  BUS 


BUS  TESTER 


NOISE  GATE 
"opfioNAL." 


SPECTRUM 
ANALYZER 


COUPLER 
BOX 


NOISE  REJECTION  BOX 


NOISE/* 
FILTER/ 
AMPLIFIER 


R1  T1 


mi 


R2  1:1.41 


FLOATING* 
DIFFERENTIAL 
TRUE  RMS 
VOLTMETER 


VERT.  SIG.  OUT 


OSCILLOSCOPE* 


X10  PROBES 


ZO  =  70  ohms,  1/2  W 
R1  =  180  ohms,  1/2  W 
R2  =  180  ohms,  1/2  W 
R3  =  56  ohms,  1/2  W 


BUS  CABLE: 
L1  <  1  foot 
L2  =  200  feet 
L3  <  1  foot 
LS  <  3  feet 


Ml  L-C-1 7/176-00002 


UUT* 


♦SEPARATE  AC  POWER  ISOLATION  &  FILTERS 


SUGGESTED  CONFIGURATION  FOR  NOISE  REJECTION  TEST 

Figure  10B. 
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VII. 
DATA  BUS 
PRODUCT  INFORMATION 


TRANSCEIVERS 
Single: 

BUS-8553 

• 

• 

• 

• 

• 

• 

A.K.  A.  BUS-63100 

BUS-8555  (Receiver) 
BUS-63102  IT 

— 

— 

— 

— 

— 

— 

— 

• 

• 
• 

A.K.  A.  BUS-63100 
Univerul  T/R 

BUS-63104H 

— 

— 

— 

— 

— 

— 

— 

• 

BUS-63105  n 

— 
• 

• 

• 

Mli^-iJWO  (DcSC) 

No.  5962-86049-01ZC  •• 

BUS-63107II 

• 

• 

• 

• 

• 

• 

BUS-631151J 

• 

• 

• 

• 

• 

• 

• 

BUS-63117D 

• 

» 

• 

• 

• 

• 

• 

»» 

Dual: 

BUS-63125H 
BUS-6312SH-641 

• 

• 

• 

• 

• 

• 

• 

• 

ML-DWCj  (DESQ 

No.  5962-87579-02XC  •• 

-  641  ii  BUS-6561 2  compKible. 

BUS-63127D 

• 

• 

• 

• 

• 

• 

BUS-63135  D 

• 

• 

• 

• 

• 

• 

• 

BUS-63137I1 

• 

• 

• 

• 

• 

• 

• 

M 

BUS-63147  4BUS-63148 

• 

• 

• 

• 

Low  power,  +5V  only 
MIL-DWO(DESQ 
No.  5962-89522-OlXC 
BUS-63148  is  BUS-65612 

COMPLETE 
TERMINALS 

BUS-61553AIM-HY 
BUS-61563 

• 

• 

• 

• 

• 

• 

• 

• 

• 

MIL-DWG  (DESQ 
No.  5962-88692-01XC 
No.  5962-88692-01YC 
Conuira  MKII 
Conuim  8K  x  16  RAM  " 

BUS-61554AIM-HY 
BUS-61564 

• 

• 

• 

• 

• 

• 

• 

• 

Contains  low  power  transceivers 
MIL-DWG  (DESQ 
No.  5962-8S692-02XC  «• 
No.  5962-8869 2-02YC 

BUS-61555  AIM-HY 
BUS-61565 

• 

• 

• 

• 

• 

• 

• 

Centum  +5V  transceivers 

BUS-61556 

• 

• 

• 

• 

• 

• 

TruucdvodeM-uie  with 
BUS-63102H 

BUS-61559&BUS-61569 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fnhanonr.  AIM-HY-Conuim 
diu  buffen,  RT  MEM  MGMT, 
&  additional  interrupt  capability. 
78pin  package,  contains 
low,  power  transceivers' . 

BUS-65111 

• 

• 

• 

* 

MIL-DWG  (DESQ 
No.  5962-S7632-01XC.  replacet 
BUS-65U3,  with  low  power 
MK 11  transceivers.  ** 

BUS-651 12 

• 

• 

No.  5962-87535-01XC,  12  MHz 
clock,  with  transceiver. 

BUS-65142 

• 

• 

• 

T  AW  nut  ")  «4iin  DTI  1  IXUUt 

LAjrf  w*i  £>  cjiip  i\i  u,  10  ranz 
clock,  with  transceiver,  ** 

BUS-65149 

• 

• 

• 

« 

• 

• 

• 

Multi  protocol  RT,  1 553A/B/ 
McAir,  12  or  16  MHz  clock. 
Ceramic  package  90pin, 
contains  universal  transceiver.. 

BUS-65153 

• 

• 

• 

• 

Low  cost  1553B  RT 

5716  bit  LA).  12/16  MHz  clock, 

ceramic  70pin  package 

low  power  transceivers,  

BUS-65600 

• 

• 

• 

w 

No.  5962-88585-01XC,  12  MHz 
clock,  without  mnsceiver. 

BUS-65610  4BUS-65611 

• 

• 

• 

• 

• 

1 6  MHz  BlodL,  angle  chip, 
without  tnniceiver 

BUS-65612 

• 

• 

• 

• 

• 

• 

16^MHz  dock,  tingle  chip. 

BUS-66300  n 

• 

• 

• 

MIL-DWO(DESQ 

No  5962-88586-01XC  Uravecul 

RAM  Controller  (1K-64K) 

BUS-66312 

• 

_ 

_ 

• 

• 

Univerul  Rim  Controller 
(1K-64K) 

*  Inverted  output  means  RX  DATA  OUT  and  RX  DATA  OUTof  receiver  are  HIGH  when 

*  *  Roman  numeral  II  versions  are  low  power  and  do  not  require  +  Vcc. 

®  IBM  PC  is  a  registered  trademark  of  International  Business  Machines  Corporation. 


data  is  not  on  the  bus. 


Continued  on  rave  am  $tdt 

®  Unibus  is  a  registered  trademark  of  Digital  Equipment  Corporation. 
®  Multibus  is  a  registered  trademark  of  Intel  Corporation. 
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PRODUCTS  FOR  MIL-STD-1553  DATA  BUS 


PRODUCTS 
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NOTES 

CARD  ASSEMBLIES 

BUS-65505 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

Contain!  4K  x  16  RAM 

BUS-65506 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Contain!  4K  x  16  RAM 

BUS-65508 

• 

• 

• 

• 

• 

• 

• 

• 

• 

w 

Contains  4K  x  1 6  RAM. 

* 

— 

— 

— 

— 

— 

0 

*  fTniainw  4ft  X  ID  J^KJvl* 

&TTC  _JC«1<C 

— 
— 



— 

— 
* 

* 

* 

* 

* 

*> 

— 

# 

S> 

UJOU1I1S        X  ID  HAM. 

BUS-65517D&DISK 

• 

• 

• 

• 

• 

• 

* 

• 

• 

«> 

Software  and  32K  x  16  RAM. 

Error  injection  capability. 

Sim ui lan co m  Emulation  of  BC , 

up  to  si  mi,  ana  hi. 

BUS-65519 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

RT  Production  Teat  Ran  (PTP) 

protocol  tester  cud  with  menu  & 

run  time  librariea  -  i  oft  ware. 

BUS-65522 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

Replace*  BUS-65501  Conuinf 

8Kx  16  RAM  VMEbua  and 

VXIbua. 

BUS-65523 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Replace*  BUS-65503.  Conudni 

uLX  lO  KAM  VMCDIU  UU 

— 

— 

— 

— 

— 

—  ~ 

VXIbui. 

BUS-&S5S5 

• 

• 

HT/HP/MT  8K  RAM 

module  for  GRiDC  njggadizcd 

Uplop. 

TESTERS 

BUS-68005 

• 

• 

• 

• 

• 

• 

Eiror  injection  md  detection. 

BUS-68010 

• 

• 

• 

• 

• 

— 

— 

— 

Low  cost 

BUS-6.011 

• 

• 

• 

• 

• 

230  VAC 

BUS-68015 

• 

• 

• 

• 

• 

• 

• 

Noise  genentor.  BER  tester. 

BUS-69005/6  (DISKS) 

• 

• 

• 

Softw«re-RTU  Production  Test 

PUnWith  BUS-68005 

SPECIAL  TEST 

EQUIPMENT 

BUS-8559 

• 

• 

• 

• 

• 

Vuisble  output  trsnsceiver. 

A.  K.  A.  BUS-63109 

error  detection  cspsouity. 

R7TC  1 

— 

— 

— 

— 

— 

— 

— 

— 

Error  Benerstion  cepsbilil^. 

BUS-9253 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Key  code  MAN. 

BUS-67001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

M28787/348  Key  code  UKT. 

BUS-47002 

• 

• 

• 

• 

• 

• 

• 

• 

M28787/349  Key  code  UKU. 

BUS-67003 

• 

• 

• 

• 

• 

• 

• 

• 

M28787/367  Key  code  UKS. 

BUS-67007 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SEM  E  module.  1750A  micro 

&  1553BRT/BC/MTA 

RS  422  port.  5V  power . 

MIL-M-28787/rBD 

key  code  -  ESAP. 

STANDARD 

PRODUCT 

MIL-DWIGS(DESC) 

5962-86049-01XC 

• 

• 

• 

• 

• 

BUS-63105 

59«2-r7535-01XC 

• 

• 

• 

• 

• 

• 

• 

BUS-65112 

5962-»7579-02XC 

• 

• 

• 

• 

• 

BUS-63125  0 

5962-I7632-01XC 

• 

• 

• 

• 

• 

• 

BUS-«5111 

5962-88585-01 XC 

• 

• 

• 

• 

• 

• 

BUS-65600 

5962-S8586-01XC 

• 

• 

• 

• 

BUS-66300  D 

5962-88692-01XC 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

BUS-61553 

BUS-61554 

5962-.9522-01XC 

• 

• 

• 

• 

BUS-63147 
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ILC  DATA  DEVICE 
CORPORATION  _ 


B-2200/2300  SERIES 


MIL-STD-1553  TRANSFORMERS 
TO  DESC  SPECIFICATION  NO.  21038/27 


DESCRIPTION  AND  APPLICATIONS 

The  military  data  bus  specification,  MIL-STD-1553,  has  brought  about  the 
need  for  versatile  pulse  transformers  that  meet  all  the  electrical  require- 
ments of  Manchester  II  serial  bi-phase  data  transmission  The  B-22002300 
series  of  transformers  provide  the  turns  ratio  configurations,  component 
isolation,  and  common  mode  reiection  ratio  characteristics  necessary  tor 
MIL-STD-1553A  and  B  compliance 

The  step  up  and  down  ratios  that  are  avalable  with  the  B-2200/2300  series 
complement  DDC's  entire  MIL-STD-1553  product  line  and  are  compatible 
with  competitor's  dnvers,  receivers,  and  transceivers  These  transformers 
are  tow  profile,  modular  units  that  are  multi-tapped  to  accommodate  existing 
system  configurations  Encapsulated  in  accordance  with  MIL-T-21038, 
their  tin  coated  steel  leads  conveniently  accommodate  printed  circuit  board 
mounting  Sinusoidal  or  trapezoidal  waveforms  are  accurately  processed, 
making  the  B-220072300  senes  of  transformers  an  excellent  choice  for  any 
MIL-STD-1553A  or  B  application 


FEATURES 

•  FULLY  QUALIFIED  TO  DESC 
SPECIFICATION  NO.  21038/27 

•  FOR  USE  WITH  MIL-STD-1553A 
AND  B,  MACAIR  A-3818, 
A-5690,  A-5232,  AND  A-4905 

•  LOW  PROFILE 

•  -55°C  TO  +130°C  OPERATING 
TEMPERATURE  RANGE 

•  BUILT  AND  TESTED  TO  MIL-T- 
21038  AND  MIL-STD-202 

•  LISTED  ON  QPL-21038-31 

•  QUALIFICATION  VALIDATED 
ANNUALLY 


N:1 


E,„  =  250  kHz  square  wave,  270  volts  peak-to-peak  with 
FIGURE  1.  WAVEFORM  INTEGRITY  a  rise  and  fall  time  no  greater  than  100  ns 

Calc:  Droop  =  §E  x  100% .  (See  figure  4  for  ED) 

Eo(JT 

FIGURE  3.  CIRCUIT  FOR  WAVEFORM  INTEGRITY 

Note:  Input  to  be  applied  and  output  to  be  measured  for  all  dash  numbers  as  shown.  N  represents  highest  turn  winding  in  each  test 

VIM 


□CDS 

ILC  DATA  OE VIC! 
CORPORATION  . 


B-2200/2300  SERIES 


TABLE  1. 

B-2200/2300  SE 

RIES  SPECIFICATIONS 

PARAMETER 

UNIT 

VALUE 

REMARK 

Case 

Flame  Resistant,  DIALLYL  PHTHALATE 

Terminals 

Copper  Clad  Steel  (soft  tinned) 

Weight 

Oz  (gm) 

0  175(5)  max 

Terminal  Strength 

lbs 

2 

2  pounds  applied  force.  Method  211,  MIL-STD-202.  Test  condition  A 

Dielectric  Withstanding  Voltage 

Vrms 

100 

Method  301.  MIL-STD-202 

Lite  (expectancy  "X"l 

Hrs 

10.000  mm 

In  accordance  with  MIL-T-21038 

Insulation  Resistance 

M  Ohm 

1 .000  min 

At  250Vdc  using  method  302,  test  condition  B,  MIL-STD-202 

Pulse  Width  lot  Output  Pulse) 

U.S 

2 

Tested  using  figure  3  with  resulting  figure  1  waveform 

Overshoot 

V 

<  1 

Tested  using  figure  3  with  resulting  figure  1  waveform 

Rise  Time  (of  Output  Pulse) 

ns 

<150 

Tested  using  figure  3  with  resulting  figure  1  waveform 

Common  Mode  Rejection 

db 

45  min 

Tested  using  figure  2 

Operating  Temperature  Range 

°C 

-5510  +130 

Droop 

% 

20  max 

Tested  using  figure  3  with  resulting  figure  1  waveform 

DC  Resistance 

Ohm 

See  respective  Electrical  Characteristics  Table 

Input  Impedance 

Ohm 

See  respective  Electrical  Characteristics  Table 

CONFIGURATION  A 


TABLE  2.  ELECTRICAL  CHARACTERISTICS  -  CONFK 

DURATION  A 

BETA  PIN 

DESC  P/N 

TURNS  RATIO 

PRIMARY 

SECONDARY 

-A"  (max) 

DC  RESISTANCESl(max) 

IMPEDANCE  O  (min) 

B-2202 

M-21 038/27-01 

1:1  ±3% 
1:0.707  ±3% 

1-3 
1-3 

4-  8 

5-  7 

0.300 

1-3  3.0 
4-8  3.0 

(1-3) 
4,000 

B-2203 

M-21038/27-02 

1.4:1  3:3% 
2:1  ±3% 

1-3 
1-3 

4-  8 

5-  7 

0.250 

1-3  3.5 
4-8  3.0 

(1-3) 
7.200 

B-2204 

M-21038/27-03 

1.25:1  +3% 
1.66:1  ±3% 

1-3 
1-3 

4-  8 

5-  7 

0.250 

1-3  3.2 
4-8  3.0 

(1-3) 
4.000 

B-2205 

M-21038/27-04 

2.3:1  ±3% 
3.2:1  ±3% 

1-3 
1-3 

4-  8 

5-  7 

0  300 

1-3  1.2 
4-8  3.0 

(5-7) 
3.000 

B-2385 

M-21 038/27-10 

2.12:1  ±3% 
1.5:1  ±3% 

4-  8 

5-  7 

1-3 
1-3 

0.250 

1-3  1.0 
4-8  3.0 

(4-8) 
4,000 
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L 


CONFICiUHAf  IUN  b 


lis  oe>r 

Notes 

(1)  Dimensions  are  in  inches  (mm) 

(2)  Unless  otherwise  specified,  tolerance  is  ±0.010  inches  (0.25  mmj 


TABLE  3.  ELECTRICAL  CHARACTERISTICS  -  CONFIGURATION  B 

BETA  P/N 

DESC  P/N 

TURNS  RATIO 

PRIMARY 

SECONDARY 

DC  RESISTANCE^  max) 

IMPEDANCE  H  (min) 

B-2207 

M-2 1038/27-06 

1:1  ±3% 

1-5 

2-6 

1-  5  2.5 

2-  6  2.8 

(1-5) 
3,000 

B-2208 

M-2 1038/27-07 

1:1.41  ±3% 

1-5 

2-6 

1-  5  2.2 

2-  6  2.7 

(2-6) 
3,000 

B-2209 

M-21 038/27-08 

1:1.66  ±3% 

1-5 

2-6 

1-  5  1.5 

2-  6  2.4 

(2-6) 
3,000 

B-2210 

M-21038/27-09 

1:2  ±3% 

1-5 

2-6 

1-  5  1.3 

2-  6  2.6 

(2-6) 
3.000 

I  CONFIGURATION  C  I 


(5  081 


Notes 

(1)  Dimensions  are  in  inches  (mm) 

(2)  Unless  otherwise  specitieo.  tolerance  is  ±0.010  inches  10.25  mmi 


TABLE  4.  ELECTRICAL  CHARACTERISTICS  -  CONFIGURATION  C 

BETA  P/N 

DESC  P/N 

TURNS  RATIO 

PRIMARY 

SECONDARY 

DC  RESISTANCE  f2(  max) 

IMPEDANCE  n  (min) 

B-2206 

M-21038/27-05 

1:1.41  ±3% 

1-2 

3-4 

1-2  2.2 
3-4  2.7 

(3-4) 
3,000 
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B-2200/2300  SERIES 


] 


CONFIGURATION  D 


Circuit  dlior»  for  dim  mmr  -n 


Notes 

(1)  Dimensions  are  in  mcnes 

(2)  Unless  otherwise  specified. 


is  ±0.010  inches 


TABLE  5.  ELECTRICAL  CHARACTERISTICS  -  CONFIGURATION  D 

BETA  P/N 

DESC  P/N 

TURNS  RATIO 

PRIMARY 

SECONDARY 

DC  RESISTANCEn(max) 

IMPEDANCE  f!  (min) 

B-2386 

M-21038/27-11 

1:1  ±3% 

1-3 

4-8 

1-3  3  0 

(1-3) 

1:0.707  ±3% 

1-3 

5-7 

4-8  3.0 

4.000 

B-2387 

M-21 038/27-1 2 

1.4:1  ±3% 

1-3 

4-8 

1-3  3.5 

(1-3) 

2:1  ±3% 

1-3 

5-7 

4-8  3.0 

7,200 

B-2388 

M-21 038/27-1 3 

1.25:1  ±3% 

1-3 

4-8 

1-3  3.2 

(1-3) 

1.66:1  ±3% 

1-3 

5-7 

4-8  3.0 

4,000 

B-2389 

M-21 038/27-1 4 

2.3:1  ±3% 

4-8 

1-3 

1-3  1.2 

(5-7) 

3.2:1  ±3% 

5-7 

1-3 

4-8  3.0 

3,000 

B-2390 

M-21 038/27-1 5 

2.12:1  ±3% 

4-8 

1-3 

1-3  1.0 

(4-8) 

1.5:1  ±3% 

5-7 

1-3 

4-8  3.0 

4,000 

CONFIGURATION  E 


 .tzs  w 

MAX 

.200 

S25     j  ,. 

MAX      T  '  

.200 

i  

3  8 

7 

2  6 

S 

I  » 

Circuit  atiorta  for  dim  « 


.500 
MIN 

1  ,_t  .275 

MAX 

.137  t.020 

AWO  #24 
9  PLACES 

♦  * 

Circuit  dliqrw  for  dtin  n 


Motes 

(1)  Dimensions  are  m  inches 

(2)  Unless  otherwise  specified,  tolerance  is  ±0.010  inches 


TABLE  6.  ELECTRICAL  CHARACTERISTICS  - 

CONFIGURATION  E 

BETA  P/N 

DESC  P/N 

TURNS  RATIO 

PRIMARY 

SECONDARY 

DC  RESISTANCEn(max) 

IMPEDANCE  O  (min) 

B-2342 

M-21038/27-16 

1:1  ±3% 

1-3 

4-8 

1-3  3.0 

(1-3) 

1:0.707  ~3% 

1-3 

5-7 

4-8  3.0 

4,000 

B-2343 

M-21038/27-17 

1.4:1  ±3% 

1-3 

4-8 

1-3  3.5 

(1-3) 

2:1  ±3% 

1-3 

5-7 

4-8  3.0 

7.200 

B-2344 

M-21038/27-18 

1.25:1  ±3% 

1-3 

4-8 

1-3  3.2 

(1-3) 

1.66:1  *3% 

1-3 

5-7 

4-8  3.0 

4.000 

8-2345 

M-21038/27-19 

2.3:1  ±3% 

4-8 

1-3 

1-3  1.2 

(5-7) 

3.2:1  ±3% 

5-7 

1-3 

4-8  3  0 

3.000 

B-2391 

M-21 038/27-20 

2.12:1  ±3% 

4-8 

1-3 

1-3  1.0 

(4-8) 

15:1  ±3% 

5-7 

1-3 

4-8  3.0 

4,000 
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MIL  DWG  5962-86049 


BUS-63105  MIL-STD-1553  TRANSCEIVER 

TO  MILITARY  DRAWING 


FEATURES 


DESCRIPTION 

The  BUS-63105  transceiver  is  a  com- 
plete transmitter  and  receiver  pair  con- 
forming fully  to  MIL-STD-1553A  and  B, 
packaged  in  a  small  24  pin  DDIP.  It  is 
available  to  Military  Drawing  No.  5962- 
86049  and  does  not  require  non-stand- 
ard part  approval. 

The  receiver  section  accepts  a  phase- 
modulated  bipolar  data  at  the  inputs  and 
produces  bi-phase  TTL  signals  at  the 
outputs.  These  outputs,  DATA  and 
DATA,  represent  positive  and  negative 
variations  of  the  inputs  beyond  an  inter- 
nally fixed  threshold.  The  thresholds  are 
factory  set  for  a  nominal  1Vpp  signal. 
An  external  STROBE  input  is  provided 
to  take  the  receiver  off-line.  A  logic  "0" 
applied  to  the  STROBE  input  will  disable 
the  receiver  output. 

The  transmitter  section  accepts  bipolar 


TTL  data  at  the  inputs  and  produces  a 
27Vpp  nominal  differential  signal  across 
a  145U  load.  When  coupled  to  the  data 
bus  with  the  specified  transformers,  55SI 
fault  isolation  resistors,  and  loaded  by 
7011  terminators,  a  6.5Vpp  signal  is  pro- 
duced.  When  the  DATA  and  DATA  in- 
puts are  both  kept  at  the  same  logic 
level,  the  transmitter  presents  a  high  im- 
pedance. An  external  TX  INHIBIT  input 
is  provided  to  take  the  transmitter  output 
off-line.  A  logic  "1"  applied  to  the  TX 
INHIBIT  input  takes  priority  over  the 
condition  of  the  data  inputs  and  disables 
the  transmitter. 

Additional  features  of  the  BUS-63105 
include  low  power  dissipation,  superior 
filtering,  and  high  reliability,  making  it  an 
excedllent  choice  for  MIL-STD-1553 
transceiver  applications. 


•  NON-STANDARD  PART 

APPROVAL  NOT  REQUIRED 


HIGH  RELIABILITY  -  LSI 


•  SMALL  SIZE  -  24  PIN  DDIP 


•  LOW  POWER 


•  SHORT  CIRCUIT  PROTECTED 


•  INPUT  TRANSMITTER  PROTEC- 
TION TIME  OUT  CIRCUIT 


SUPERIOR  FILTERING 


i — i  +15V 

"f  "T   f  ^ 


15V  +5V 


RECEIVER  STROBE  . 


PHASE  MODULATED 
BIPOLAR  DATA 


SHORT OR 
LONG  STUB 
COUPLING 


ISOLATION 
TRANSFORMER 


RECEIVER  SECTION 


COMPARATOR 


LIMITER 


3> 


COMPARATOR 


TRANSMITTER  SECTION 
DRIVER 


BI-PHASE 
TTL  DATA 


RX  Data 

RX  Data  > 
 >J 


FIGURE  1.  BUS-63105  AND  5962-86049  BLOCK  DIAGRAM 
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MIL  DWG  5962-86049 


TABLE  1.  BUS-63105  AND  5962-86049  SPECIFICATIONS  * 

*  The  information  and  specifications  in  this  data  sheet  are  for 
reference  only.  Complete  specifications  are  on  DESC  drawing  no. 
5962-86049  available  from  the  factory  or: 
DESC-E 
1507  Wilmington  Pike 
Dayton,  OH.45444 
(573)  296-6511 

RECEIVER 

Strobe 
Input  Level 

Threshold  Level  (Internal)  *  * 
CMRR 

Input  Resistance  -  Diff 
Input  Capacitance-  Diff 
Output  Fan  Out 

1  TTL  Load 

40Vpp,  Diff,  max 

0.56Vpp  min,  1  .OVpp  max 

40  db,  min 

7Kfl,  min 

5pf,  max 

10  TTL  Loads 

TRANSMITTER 

TX  Inhibit 
Input  Level 

Output  Level  (Direct  Coupled) 

Rise/Fall  Time 

Output  Noise 

Output  Offset  Voltage 

Output  Impedance 
-Non-Transmitting 
Output  Resistance  -  Diff 
Output  Capacitance  -  Diff 

1  TTL  Load 
1  TTL  Load 

28Vpp,  nom  across  1 4011  load 

125ns,  typ 

1 0mVpp,  Diff,  max 

90m  Vpp,  max  across  35fl  load 

10Kfi,  min 
5pf,  max 

LOGIC 

TTL/CMOS  Compatible 
All  Logic  Inputs 

(Loading  Requirements) 
All  Logic  Outputs  (Fan  Out) 

1  TTL  Load,  max 
10  TTL  Loads,  min 

POWER  SUPPLY  REQUIREMENTS 

Non-Transmitting  -  (typ/max) 
Transmitting  - 

50%  duty  cycle  (typ/max) 
Transmitting  - 

1 00%  duty  cycle  (typ/max) 

+5V±5%  +15V±5%  -15V±5% 
25/35mA  35/50mA  35/50mA 

25/35mA   35/50mA  125/140mA 

25/35mA   35/50mA  200/220mA 

THERMAL 

Operating  Junction  Temperature 
Operating  Case  Temperature 
Storage  Temperature 
Thermal  Impedance - 

Junction  (Honest  Die)  to  Case 
Thermal  Impedance  - 

Case  to  Air  (typ) 

-55°Cto-H60°C 
-55°Cto+125°C 
-65°Cto+150"C 

8.8°C/W 

30°C/W 

POWER  DISSIPATION 

Single  Channel  (Hottest  Die) 
Non-Transmitting  -  (typ/max) 
Transmitting - 

50%  duty  cycle  (typ/max) 
Transmitting - 

1 00%  duty  cycle  (typ/max) 

15V  Supply 
1.21/1.5W 

1.8/2.2W 

2.4/2.9W 

MECHANICAL 

Size 

Dimensions 
Weight 

24  PinDDIP 

1.4"x0.8"x0.2" 
.4oz 

Note:  "The  Threshold  Level,  as  referred  to  in  this  specification,  is 
meant  to  be  the  maximum  peak  to  peak  voltage  (measured  on  the 
Data  Bus)  that  can  be  applied  to  the  receivers'  input  without  causing 
the  output  to  change  from  the  OFF  state. 

TABLE  2.  PIN  CONNECTIONS 


PIN 

NO. 

FUNCTION 

PIN 
NO. 

FUNCTION 

TX  Data  Out 

13 

+  15V 

2 

TX  Data  Out 

14 

NC 

3 

GND* 

15 

RX  Data  In 

4 

NC 

16 

RX  Data  In 

5 

NC 

17 

NC 

6 

NC 

18 

GND* 

7 

RX  Data  Out 

19 

-15V 

8 

Strobe 

20 

+5V 

9 

GND- 

21 

TX  Inhibit 

10 

RX  Data  Out 

22 

TX  Data  In 

11 

NC 

23 

TX  Data  In 

12 

NC 

24 

NC 

'Connect  all  GND  pins  externally,  close  to  hybrid. 


ENCODER 
OUTPUT 


C  TX  Data  In 
^  TXDataln 


LINE-TO-LINE 
OUTPUT 


LINE-TO-LINE 
INPUT 


RXOataOul 
RX  Data  Out 


X  x  xt 
X  X  xj 


n  n  n  1 1  x  x  x  x~ 
innnixxxx 


OJif — 

-HJVlAAr- 


(1)  TX  Data  In  and  RX  Data  Oul  are  TTL  signals. 

(2)  TX  Data  In  inputs  must  be  at  opposite  logic  levels  during  transmission,  and  at 
the  same  logic  level  when  not  transmitting. 

(3)  LINE-TO-LINE  output  voltage  is  measured  between  TX  Data  Out  and  TX 
Data  Out. 

{4)  LINE-TO-LINE  input  voltage  is  measured  on  the  Data  Bus. 

FIGURE  2.  TRANSCEIVER  WAVEFORMS 


Dimensionsare  in  inches  (cm) 

90°  PIN  1 
(IDENTIFICATION 
CORNER) 


1.100±0.005 
1 2  PINS  EQUALLY  SPACED 
M).100±0.002,TOLERANCE 
NON-CUMULATIVE  I 


0.600  ±0.002 
(15.24*0.127) 

 1  


oooooooooooo 
1  12 
BOTTOM  VIEW 

13 

ooooooooooo 


24 


0.103±0.005 
(2.6162±0.127) 


1.400  MAX 
"  (35.56)  " 


0.200  MAX 
0.1 70  MIN  (5  08) 

PIN  LENGTH  . 

(4.318)   1  


0.150±0.005 
(3.81  ±0.127) 


0.805  MAX 
(20.447) 


0.125/3.175S 
0.080  ^2.032 ) 
RAD  (3  PLACES) 

0.01 5  MAX 
(3.81) 

__t  


0.019/0 
-0.016^0. 
(24  PLACES) 


SEATING 
PLANE 


Notes: 

(1)  Metric  equivalents  are  for  general  information  only. 

(2)  Lead  identification  numbers  are  for  reference  only. 

(3)  Lead  spacing  dimensions  apply  only  at  seating  plane. 

FIGURE  3.  BUS-63105  AND  5962-86049 
MECHANICAL  OUTLINE 


ORDERING  INFORMATION 

5962-86049-01 XX 

A 
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IbULAMUN   I  KANSI-UKIVItHS 


FEATURES 


DESCRIPTION  AND 
APPLICATIONS 

The  military  Data  Bus  Specification, 
MIL-STD-1 553,  has  brought  about  the 
need  for  versatile  pulse  transformers 
that  meet  all  the  electrical  require- 
ments of  Manchester  II  serial  bi-phase 
data  transmission.  The  BUS-25679, 
BUS-27765  and  BUS-29854  provide 
all  of  the  turns  ratio  configurations, 
component  isolation  and  common 
mode  rejection  ratio  characteristics 
necessary  for  MIL-STD-1 553  A  and  B. 

The  step  up  and  down  ratios,  available 
with  these  transformers,  complement 
our  entire  product  line  and  are  com- 


patible with  competitive  drivers,  re- 
ceivers and  transceivers  (contact  the 
factory  for  details).  The  transformers 
are  low  profile,  modular  units  that  are 
multi-tapped  to  accommodate  existing 
system  configurations.  They  are 
encapsulated  in  accordance  with  MIL- 
T-21038.  Their  tin  coated  steel  leads 
conveniently  accommodate  printed 
circuit  board  mounting.  They  accu- 
rately process  sinusoidal  or  trapezoi- 
dal waveforms,  in  accordance  with 
MIL-STD-1 553  A  and  B  and 
McDonnell  Douglas  specifications  A- 
3818,  A-5690,  A-5232  and  A-4905. 


MANCHESTER  II,  BI-PHASE, 
1MHz  OPERATION 


•  FOR  USE  WITH  MIL-STD-1553  A 
AND  B  AND  MACAIR 
SPECIFICATIONS  A-3818, 
A-5690,  A-5232  AND  A-4905 


•  8  PIN,  LOW  PROFILE  PACKAGE 


•  OPERATING  TEMPERATURE: 
-55°  C  to  +125°C 


MECHANICAL  OUTLINE 

(BUS-25679.  BUS-27785  &  BUS-29854) 


.250  Ml  N 
(6.3) 


jC 


TERMINAL 
IDENTIFICATION 
THIS  SIDE 


.200  3 

(5.1  : 


.005 
0.1) 


.63 

max. " 

H- 

,  500  i  .005 

01  80 
70 

02  60 
,  50 

03  AO 

.63  MAX 
116.0) 

.020  < 
(0.5  : 


.002 
0.11  * 


DIMENSION  TABLE 

BUS-25679 

BUS-27765 

BUS-29854 

A  =  0.275  in. 
(7mm) 

A  =  0.300  in. 
(7.6mm) 

A  =  0.275  in. 
(7mm) 

Notes 

1 .  Dimensions  are  maximums  unless  otherwise  noted. 

2.  All  dimensions  are  in  inches  (millimeters). 

3.  Pin  callouts  on  bottom  view  are  for  reference  only. 


TURNS  RATIO  TABLE 

TURNS  RATIO 

PRIMARY 

SECONDARY 

BUS-25679 

BUS-27765 

BUS-29854 

1.  3 

4.  8 

1.4  :  1 

1  :  1 

1  :  0.83 

1.  3 

5,  7 

2  :  1 

1  .  .707 
(1.4:1) 

1  :  0.60 

lO- 


20- 


3  O- 


-O  8 


-O  7 


-O  6 


-O  5 


-O  4 


FIGURE  1 .  TURNS  RATIO  DIAGRAM 
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ILC  DATA  DEVICE 


BUS  TRANSFORMERS 


TX 

BUS-63105   

BUS-63115  TX 

BUS-63125II(1) 

BUS-63135II(1)RXH 

RX 


39VPP 


Zo(70!l,  NOM) 

SHORT  STUB  DATA 
(141)    (DIRECT  COUPLED) 

;--„-!        1  FT  MAX  55!! 


5511 


OR 

r- 


L  i 

BUS-25679 


28VPP 


LONG  STUB 
(TRANSFORMER 
(2:1)       COUPLED)  (1:1.4) 


n 


3 


7  ; 


20  FT  MAX 


:  i 

BUS-25679 


8 


1 


52.5!! 


3  1  52.5fi 


20VPP     '  J 

BUS-25679 


TX 

BUS-63102II 

TX 

BUS-63104II 

RX 

RX 

OR 


(1:1>_ 
1  8 


SHORT STUB 
(DIRECT  COUPLED) 

1  FT  MAX 


55  !1 


550 


i  ..  30VPP(BUS-63102) 

BUS-27765  28VPP(BUS-63104) 

LONG  STUB 
(TRANSFORMER 
(1:0.7)     COUPLED)  (1:14) 

rr~~?l2oFT  max  [a  ■  ■  7j 


13 


-t- 


14 


3  I  52.5!1  , 


I  J 

BUS-27765 

21VPP(BUS-63102) 
20VPP(BUS-63104) 


I  J 

BUS-25679 


TX 

BUS-63107  =^ 
BUS-63117  TX 
BUS-63127II(1) 
BUS-63137II(1)RX^J 

RX 


(1:0.83) 


r  ■ 
|1 


mi 


SHORT STUB 
(DIRECT  COUPLED) 

1  FT  MAX 


4  I 


55n 

— w>- 
55fl 


33VPP 


28VPP 


OR 

<r- 


i  J 

BUS-29854 

LONG  STUB 
(TRANSFORMER 
(1:0.6)     COUPLED)  (1:1.4) 


1 1 


7  20  FT  MAX 


52.50  \ 


4- 

;  i 

BUS-29854 


I  4 


,  I  52.5Q  ' 


I  I 

BUS-25679 


20VPP 

Notes: 

(1 )  One  half  of  dual  transceivers  shown.  Zo(70n,  NOM) 

(2)  Bus  must  be  terminated  with  its  characteristic  impedance  at  both  ends. 

(3)  Only  one  connection  can  be  made  from  the  Transceiver  to  the  MIL-STD 
Data  Bus,  either  long  stub  or  short  stub  but  not  both. 

FIGURE  2.  CONNECTION  DIAGRAM 
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GGG 

IUC  DATA  DEVICE 
CORPORATION   


BUS  TRANSFORMERS 


SPECIFICATIONS 

PARAMETER 

UNITS 

VALUE 

BUS-25679 

BUS-27765 

BUS-29854 

FREQUENCY  RESPONSE 
Operating  Range 
Self  Resonance 

1/  U-, 

MHz 

250  to  3000 
40  min 

10  to  3000 
40  min 

250  to  3000 
40  min 

rniuiiuiON  Mnnp  rf  iFPTinw  (pmri 

kjUiVI tVIU Pi  IVHJUC  ntJCL.IIUnj  (L-lVlnj 

HR 

50  min 

45  min 

50  min 

ELECTRICAL  REQUIREMENTS 

Tormina  Ic    1      1   B,   A  Q 

icrminais  i,  j  a  4,  o 

■Winding  Resistance  (RDC) 
Interwinding  Capacitance 
Winding  Inductance 

(LM) 

(LL) 

0 
pF 

mH 
uH 

1.5  max 
70  max 

7.5  min 
6.0  max 

3  max 
30  max 

7.5  min 
6.0  max 

1 .9  max 
70  max 

7.5  min 
6.0  max 

PEAK  TO  PEAK  VOLTAGE 
Terminals  1 ,  3 

Vpp 

60  max 

39  2  max 

60  max 

PEAK  PULSE  CURRENTS  (AC) 
Terminals  1,  3  (primary) 

mA 

1 80  max 

1 40  max 

1 80  max 

UHUUr 

3  us  Pulse  Duration 
140Q  Load  Across 
Terminals  4-8 

% 

10  max 

10  max 

10  max 

DECAY  TIME 
1 40  O  Load  Across 
Terminals  4-8 

ns 

25  max 

25  max 

25  max 

BACKSWING 
Across  1400.  Load 
Terminals  4—8 

none 

none 

none 

TURNS  RATIOS 
Terminals 
1.  3  :  4.  8 
1 .  3  :  5,  7 

2  :  6 

Winding  Tolerance 

t% 

1.4  :  1 
2  :  1 
CT 
5 

1  :  1 
1  :  707 
CT 
3 

1  :  0.83 
1  :  0.60 
CT 
5 

TEMPERATURE  REQUIREMENTS 
Operating  (ambient) 
Storage 

°c 
°c 

-55  to  +125 
-55  to  +130 

-55  to  +125 
-55  to  +130 

-55  to  +125 
-55  to  +130 

PHYSICAL  CHARACTERISTICS 

Size 

Weight 

in 
oz 

0.63  x  0.63  x  0.275 
(16  x  16x7  mm) 
0.1  (3g) 

0.63  x  0.63  x  0.300 
(16x  16x7.6  mm) 
0.1  <3g) 

0  63x063  x  0.275 
(16x16x7  mm) 
0.1  (3g) 

TECHNICAL  INFORMATION 

For  the  purpose  of  illustration,  pins  1  -3  represent  the  pri- 
mary winding  for  each  transformer  (See  Figure  1).  In  all 
applications  the  BUS-25679  may  be  used  for  long  stub 
connections  as  illustrated  in  Figure  2.  The  secondary 
winding  is  connected  to  the  Data  Bus  through  two  fault 
isolation  resistors  for  direct,  or  to  another  transformer  for 
long  stub  connections  as  shown.  Please  note  that  the 
transformers  connected  to  the  BUS-8553,  BUS-8559  and 
BUS-63105  series  transceivers  require  that  their  primary 
center  tap  winding  be  grounded. 


ORDERING  INFORMATION 

ORDER:  BUS-25679,  BUS-27765  or  BUS-29854 

NOTES:     1 .  Consult  Figure  2  for  correct  unit  for  application. 
2.  Consult  factory  for  competitor  cross  reference 
information. 

Transformers  fully  qualified  to  DESC  Drawing  No.  82030  are 
available.  Consult  factory  for  data  sheet. 
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ILC  DATA  DEVICE 


BUS-1555 


MIL-STD-1553  MANCHESTER  II  DECODER 

FOR  TEST  EQUIPMENT 


FEATURES 


DESCRIPTION  AND  APPLICATIONS 


Providing  enhanced  bit  error  capability 
and  precise  message  error  detection, 
the  BUS-1555  Manchester  II  Decoder 
Module  avails  itself  to  a  wide  range  of 
applications.  The  decoder  is  encap- 
sulated in  a  3.1  x  2.6  x  0.8  inch 
module  and  is  compatible  with  re- 
ceivers designed  to  meet  MIL-STD- 
1553  A/B,  DDC  Models  BUS-63105 
and  BUS-8559  are  directly  compatible 
with  this  decoder. 


Line  Active,  Frame,  Sync  Detector, 
Sync  Type  and  Load  Data  Pulses. 
Internal  logic  may  be  initialized  by 
means  of  the  Reset  Input  function  (see 
figure  1).  The  power  supply  input 
range  is  +4.5V  to  +5.5V  and  nominal 
power  dissipation  is  2.5  watts.  The 
input  is  biphase  TTL  complementary 
serial  data,  which  is  decoded  and  out- 
put as  both  16  bit  TTL  parallel  and 
NRZ  serial  data. 


The  BUS-1555  will  sample  Manchester    The  BUS-1555  is  well  suited  for  use  in 


II  input  data  at  16  MHz,  which  im- 
proves bit  recognition  and  overall 
system  capability.  Error  flags  are 
provided  for  low  and  high  bit  count, 
odd  parity  and  Manchester  II  phasing 
errors.    Control  logic  outputs  include 


MIL-STD-1553  test  equipment  and  as 
a  data  bus  monitor  terminal  where 
subsystem  listening  devices  are  used. 
Applications  include  both  ground  and 
on  board  avionics  system. 


16  MHz  CLOCK  RATE 


•  ERROR  FLAGS  FOR 
SYNC 

MANCHESTER  II  ERROR 
HIGH  AND  LOW  BIT  COUNT 


CONFORMS  TO  MIL-STD-1553 
A&B 


•  16  BIT  PARALLEL  AND  NRZ 
SERIAL  OUTPUTS 


17  BIT 
SERIAL  TO 
PARALLEL 
SHIFT  REGISTER 


LO  BIT  COUNT 
HIGH  BIT  COUNT 


SERIAL  DATA  OUT 


MANCHESTER 


LOAD  MANCHESTER 
DATA  II 
PULSE 


DECODER  SHIFT  CLOCK 
RESET 


_J 


FIGURE  1.  BLOCK  DIAGRAM 


VIM  3 


SPECIFICATIONS 

PARAMETER 

UNITS 

VALUE 

INTERNAL  CLOCK  OLT 

Oscillator  Type 

Frequency 

Cross  over  variation 

Drive  capability 

rpuT 

MHz 

ns 
TTL 

Ac  nor  Mil    QTn  1  RtiTR 

Long  and  short  term  stability 

16±1000  Hz 

±150 

1  LS  load 

DIGITAL  IN/OUTPUTS 

Serial  Data  Input 

Bits 
TTL 

Complementary  TTL  bi  phase 
nonreturn  zero,  Manchester  11 
format 
3  LS  loads 

PARALLEL  DATA 

RDO-RD1 5 

Drive  Capability 
Decoder  Shift  Clock 
Output 

Drive  Capability 
Control  Logic 

TTL 
TTL 

TTL 
TTL 

16  bit  parallel  positive  logic 
(RD15  =  MSB) 

8  LS  loads  (RDO-RD15  each) 
Synchronous  output  with 
respect  to  serial  NRZ  data 
output 
1  LS  load 

See  pin  connection  for  fan 
in/out  and  loading  specifications 

POWER  SUPPLY  CHAR) 

Voltage  Input  Range 
Current 

\CTERIS1 

V 
A 

ICS 

+4.5  to  5.5 

0  5  max  @  +5V  nominal 

TEMPERATURE  RANG 

Operating 
Storage 

°c 
°c 

0  to  +70 

-33       to  +  1  «£3  L 

PHYSICAL  CHARACTERISTICS 

Size  in. 
Weight  oz 

3.1  x  2.6  x  0  8  (78  x  66  x  20mm) 
6  (170g) 

Figure  1  is  a  block  diagram  of  the  BUS-1555,  illustrating  its 
functions  of  Manchester  decoding,  sync  detection,  serial  to 
parallel  conversion,  and  validation  of  MIL-STD-1553 
Manchester  coding,  sync,  parity  and  bit  count.  Use  of  a 
16  MHz  clock  to  sample  the  complementary  (RX  and  RX) 
biphase  Manchester  data  results  in  improved  bit  recognition 
and  enhanced  overall  error  detection.  In  accordance  with 
MIL-STD-1553A  and  B,  error  free  reception  consists  of  a 
20  usee  word,  with  a  3  ysec  sync  field,  followed  by  a 
16usec  data  field,  followed  by  a  1  usee  parity  bit.  In 
addition,  the  sync  field  must  be  2  equal  1.5  usee  halves,  and 
the  data  field  and  parity  bit  must  be  valid  Manchester 
coding. 

The  error  detection  sequence  starts  with  recognition  of  a 
valid  (command  or  data)  sync  (figure  2),  and  ends  with  a 
BUS-1555  Load  Data  output  pulse.  Activity  on  error  flag 
outputs  is  to  be  ignored  except  during  the  Load  Data 
pulse  interval.  Upon  receipt  of  a  valid  sync,  the  Sync 
Detect  line  goes  high  and  the  Frame  Pulse  Line  is  pulsed. 
After  a  valid  sync,  the  next  data  bit  time  (1  usee)  is  checked 
for  a  valid  Manchester  transition.  If  a  Manchester  error  has 
occurred  in  the  first  data  bit,  the  Manchester  error  flag  is 
activated,  the  low  bit  count  error  flag  is  inhibited,  and  a 
Load  Data  pulse  is  generated  at  the  end  of  the  frame.  If 
the  first  data  bit  passes  the  Manchester  test,  the  remaining 
16  bits  are  checked  for  Manchester,  bit  count  and  parity. 


— r~ i^nnn  n  nnn  n  n  n  n  nn  n  n  n  nnnn  nnrir- 


0      010100      110101010  0101010100      01      100  01 


LINE  ACTIVE  -«l>»-10On» 


RECONSTRUCTED 
BIPHASE 


SYNC  DETECTOR  ■ 
NRZ  SERIAL  OUT  - 


NRZ  RECONSTRUCTED 
TO  SERIAL  BIPHASE  - 

DECODER  SHIFT  . 

CLOCK  (DECCKI 


SYNC  TYPE  • 


FRAME  PULSE  - 


H-JLnJTJUiJiJin^^ 


n_n_n_n  i — i  r~t 


175n>— \\~—  —m\  [— 500ns  typ 

irmnnnnruiJ^  LrinnrinnnrTi^^ 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  1516  17  ' 
>—  COMMAND  - 


"I  DATA 
— -f|— !»  n. 


JL 


IT 


-~(  |" — 100  ns  typ 


FIGURE  2.  DECODER  TIMING  DIAGRAM 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-1555 


Pin  Function  Table 


PIN 

DESCRIPTION 

LOADING 

FAN  IN/OUT 

RX  DATA 
RX  DATA 

1  IMC  ATTI\/C 
LlrM  C  ML  1  1  V  t 

Receiver  Data  (TTL) 
Receiver  Data  (TTL) 

Monitors  the  data  bus  data  and  interprets  valid  activity.  The 
output  goes  high  when  a  valid  sync  on  both  RX  and  RX  inputs 
is  identified.  It  remains  high  if  successive  words  are  received  and 
will  go  low  750  nanoseconds  after  the  last  bit  of  a  valid  word. 

3 
3 

6 

In 
In 

Out 

FRAME  PULSE 

Identifies  when  a  valid  sync  field  has  been  detected  and  its 
trailing  edge  is  coincident  with  the  positive  going  edge  of  the 
SYN  DET  output. 

6 

Out 

SYNC  TYPE 

Indicates  received  sync  field  polarity,  outputs  a  low  for  command 

nr  cTaTuc  cunr  anH  a  hinh  for  riatfl  cunr 

10 

Out 

16  MHZ 

16  MHz  clock 

1 

Out 

SYN  DET 

Sync  Detector  outputs  a  high  when  a  valid  sync  field  has  been 
recognized,  a  low  when  the  first  half  of  the  following  sync  field 
is  recognized  or  a  last  bit  of  the  last  word  has  occurred.  When 
the  signal  goes  low  between  consecutive  20  bit  words  it  will  again 
go  high  when  the  complete  valid  field  has  been  recognized. 

7 

Out 

LD  PULSE 

Load  pulse  is  a  positive  pulse  signaling  the  end  of  a  decoded 
word.  It  samples  all  error  flags  and  should  be  used  to  transfer 
error  flags  into  holding  registers. 

10 

Out 

PARITY  ERROR 

Is  valid  for  17  bits  only.  It  outputs  a  logic  "1"  during  Load  Data 
pulse  sample  time,  if  there  is  a  parity  error. 

MAN  II  ERROR 

Manchester  II  Error  flags  invalid  Manchester  coding  on  data 
and  parity  bits  only  and  does  not  include  the  sync  field.  It 
checks  for  at  least  one  transition  per  data  and  parity  bit.  A 
logic  "1"  level  on  this  line  at  Load  Data  pulse  sample  time 
indicates  Manchester  II  Error. 

10 

Out 

17  FLAG 

Indicates  a  bit  count  of  17  and  will  be  a  logic  "1"  when  this 
condition  is  true.  This  line  shall  also  be  sampled  at  Load  Data 
pulse  time. 

10 

Out 

LO  BIT  COUNT 

Indicates  less  than  17  bits  are  contained  within  the  decoded 
waveform.  A  logic  "1"  will  indicate  this  condition.  The 
Load  Data  pulse  is  the  sample  pulse  to  be  used  for  ascertaining 
this  condition. 

10 

Out 

HI  BIT  COUNT 

Indicates  greater  than  17  bits  are  contained  within  the  decoded 
waveform.  A  logic  "1 "  will  indicate  this  condition.  The  Load 
Data  pulse  is  the  sample  pulse  to  be  used  for  ascertaining  this 
condition. 

10 

Out 

NRZ 

Is  serial  data  output  in  non-return  to  zero  format  and  represents 
the  decoded  data  that  is  being  shifted  into  the  serial  to  parallel 
internal  shift  register. 

7 

Out 

RD0-RD15 

Parallel  Data  Out  consists  of  16  bits  referred  to  as  RD0-RD15, 
with  RD15  being  MSB.  This  is  not  latched  data  and  is  valid 
only  if  17  bits  are  sent  and  all  validation  checks  pass.  Data 
shall  be  sampled  at  the  Load  Data  pulse  time. 

8 

Out 

DEC  SHIFT  CLK 

Decoder  Shift  Clock  is  the  "sync'ed  clock  line  output  for  the 
serial  data  out  (NRZ).  There  will  be  a  maximum  number  of 
17  clock  pulses  out  on  this  line  regardless  if  greater  than  17 
bits  are  sent  and  detected.  For  less  than  17  bits  the  number 
of  clock  pulses  resulting  on  this  line  will  be  equal  to  the 
number  of  bits  sent. 

1 

Out 

RESET 

Reset  pulse  is  an  active  low  signal  that  resets  the  module. 

1 

In 
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A  Manchester  error  at  any  bit  time  takes  highest  priority. 
It  causes  the  low  bit  count  error  flag  to  be  inhibited,  the 
Manchester  error  flag  to  be  activated,  and  a  Load  Data 
pulse  to  appear  at  the  end  of  the  frame. 

It  is  to  be  noted  that  the  BUS-1555  continues  to  monitor 
the  input  for  valid  sync  after  the  error  checking  sequence 
has  begun.  As  a  result  of  this  this,  a  bit  time  ending  with 
no  Manchester  transition  present,  and  1.5  Msec  elapsed  since 
the  last  Manchester  transition,  will  be  interpreted  as  half  of 
a  sync  field.    Under  these  conditions  the  bit  counter  will 


not  be  incremented,  and  if  the  second  half  of  the  sync  field 
doesn't  occur,  a  low  bit  count  error  flag  will  result.  If  a  bit 
time  ends  with  no  Manchester  transition  present,  and 
1.0  Msec  elapsed  since  the  last  Manchester  transition,  a 
Manchester  error  flag  will  result. 

The  valid  word  indicator  is  referred  to  as  the  17  flag.  This 
flag  is  activated  when  there  are  16  data  bits  plus  1  parity  bit 
valid  Manchester  transitions.  The  Parity  Error  flag  is  only 
valid  when  the  17  flag  has  been  activated. 


MECHANICAL  OUTLINE 
Dimensions  in  inches  (millimeters) 


BOTTOM  VIEW 
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MIL-STD-1553  ENCODER 
Generates  Errors  For  Test  Equipment 


DESCRIPTION 

The  BUS-1556  MIL-STD-1553  En- 
coder is  a  versatile  building  block, 
featuring  capability  for  generating  a 
number  of  different  error  types.  The 
Manchester  encoder  is  encapsulated 
in  a  3.1  x  2.6  x  0.8  inch  module  and 
is  compatible  with  transmitters  design- 
ed to  meet  MIL-STD-1553  A/B.  (DDC 
models  BUS-63105  and  BUS-8559). 

The  BUS-1556  converts  16-bit  parallel 
input  data  to  a  Manchester  II  encoded 
serial  output.  All  timing  is  derived 
from  an  externally  supplied  2  MHz 
clock.  The  encoder  outputs  error-free 
data  words  or  it  may  be  pin  pro- 
grammed to  output  words  containing 
one  or  more  encoding  errors.  The 
errors  generated  by  the  BUS-1556 
include  Manchester  II  error  in  any  of 
the  16  data  bits,  and  parity  bit  posi- 
tions; parity  error,  long  word  (one 


extra  bit)  error,  short  word  (one  miss- 
ing bit)  error,  and  two  different  forms 
of  sync  field  errors. 

A  Master  Reset  pin  for  initialization, 
an  Encoder  Enable  input,  an  Encoder 
Active  and  T  Load  outputs  are  pro- 
vided for  handshaking  with  a  parallel 
subsystem.  Complementary  bi  phase 
serial  data  output  is  provided  via  the 
TX  DATA  and  TX  DATA  pins.  The 
power  supply  input  range  is  +4.5  V  to 
+5.5  V  and  nominal  power  dissipation 
is  2.5  watts. 

APPLICATIONS 

The  BUS-1556  is  intended  for  use  in 
test  fixtures  as  well  as  in  Automatic 
Test  Equipment  (ATE)  for  testing 
MIL-STD-1553  A/B  monitors,  bus 
controllers  and  remote  terminals.  Ap- 
plications include  both  ground  support 
and  on-board  avionics  systems. 


FEATURES 

•  ENCODES  PAR  ALL  EL  DA  TA 

INTO  SERIAL  MANCHESTER 

•  ERROR  GENERATION  CAPABILITY: 

MANCHESTER  CODING  ERROR 
PARITY  ERROR 
HIGH  BIT  COUNT  ERROR 
LOW  BIT  COUNT  ERROR 
SYNC  FIELD  ERROR 

•  CONFORMS  TO  MIL-STD-1553 

AANDB 


•  USED  IN  TEST  SYSTEMS  WITH 
BUS-1555  DECODER 


2  MHZ 


MAST  RESET 
ENC  ENABLE 
T  LOAD 
ENC  ACTIVE 
LONG  WD  ENABLE 
SHORT  WD  ENABLE 


SVNC SELECT 
SYNC  ERR  ENABLE 
SVNC  ERR  POS 


PARALLEL  DATA  IN 
MAN  ERR  ENABLE 


MAN  ERR  POS  Q 


r" 


»5  VDC 
GND 

PAR  COUNT  ERR 
PAR  MAN  ERR 


SYNC 
ERROR 
ENCODER 


MANCHESTER 
ERROR 
ENCODER 


PARITY 
ERROR 
ENCODER 


TIMING 
AND 
CONTROL 


40-BIT 
SHIFT 
REGISTER 


1 


J 


FIGURE  1.  BUS-1556  BLOCK  DIAGRAM 
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 »  ~i-w*.  

EXTERNAL  CLOCK  INPUT 

Oscillator  Type  (2  MHz) 

Frequency 
Crossover  Varation 
Loading 

TTL 

MHz 

ns 

As  per  MIL-STD- 1 553  A/B 
long  and  short  term 
stability  requirements 

2  000  !  001 

±150 

1  LS  TTL  load 

PARALLEL  DATA  INPUT 

Bit  1  (MSB)-Bit  15  (LSBi 
Loading 

TTL 

16-bit  parallel  positive  logic 
2  LS  TTL  loads 

SERIAL  DATA  OUTPUT 

TX  DATA  and  TX  DATA 

TTL 

Complementary  TTL 
Manchester  bi  phase 
1 1  format 

5  Standard  TTL  loads 

POWER  SUPPLY  CHARACT 

Voltage  Input  Range 

ERISTIC 

V 

S 

+4.5  to  +5.5 
0.65  max.,  0.4  typ 

TEMPERATURE  RANGE 

Operating 
Storage 

°C 
°C 

0  to  +  70 
—55  to  +  1 25 

PHYSICAL  CHARACTERISTICS 

Size                                   I  in 
Weight  oz 

3.1  x  2.6  x  0.8  178x66 x20mml 
6  (170g) 

TECHNICAL  INFORMATION 

The  BUS-1556  error-generating  encoder  operates  in 
accordance  with  MIL-STD-1553  A/B  to  convert  16  bit 
parallel  TTL  input  data  to  TTL  Manchester  II  encoded 
complementary  bi-phase  serial  output  (TXData  and 
TXData).  The  encoder  may  be  programmed  for  either 
normal  operation,  or  to  generate  words  containing  one 
or  more  of  the  following  error  types:  Manchester  II 
encoding  error,  parity  error,  sync  error,  high  bit  count 
and  low  bit  count.  Each  normal  outputted  serial  word 
consists  of  a  3/js.  sync  field,  sixteen  1/js.  data  pulses 
and  one  1/js.  parity  pulse.  Some  words  programmed  to 
contain  errors  will  deviate  from  this  pattern. 

All  module  timing  is  derived  from  an  externally  sup- 
plied 2MHz  clock.  Thirty-two  TTL  lines  interface  to  a 
parallel  subsystem.  These  include  the  16  bit  parallel 
input  data  (Bit  1-Bit  16),  Sync  Select,  six  error  control 
lines  (Manchester  Error,  Parity  Error,  Parity  Man- 
chester Error,  Sync  Error,  Long  Word  and  Short  Word), 
five  error  modifying  lines  (Manchester  Error  Position 
0-3,  Sync  Error  Position),  and  four  handshaking  lines 
(Encoder  Enable  and  Master  Reset  inputs^T-Load  and 
Encoder  Active  outputs).  TXData  and  TXData  provide 
the  complementary  bi-phase  TTL  input  to  a  MIL-STD- 
1553  A/B  compatible  transmitter.  Normal  transmitted 
words  are  sent  when  all  error  control  lines  are  low. 
Erroneous  words  are  sent  whenever  one  or  more  of  the 
error  control  lines  are  asserted  high. 


LS 

PIN 

DESCRIPTION 

LOADS 

BIT  1-BIT  16 

Parallel  data  inputs. 

2 

SYNC  SELECT 

A  logic  "1"  input  causes  a 
Command/Status  sync  output. 
A  logic  "0"  input  causes  a 
Data  sync  output. 

4 

2  MHZ 

2MHz  clock  input. 

1 

ENC ENABLE 

A  3  usee  minimum  duration 
logic  "1"  input  enables  the 
start  of  a  MIL-STD-1553 
encoded  output  word. 

1 

MAST  RESET 

A  100  nsec  active  low  pulse 
input  resets  all  encoder 
circuits. 

1 

MAN  ER 

A  logic  "1"  input  enables  the 
generation  of  Manchester 
errors.  The  bit  position  of 
the  error  is  determined  by 
MP0-MP3. 

2 

MP0-MP3 

Binary  coded  input  representing 
the  desired  bit  position  of  the 
Manchester  error.  A  logic  "1" 
input  must  be  present  on  MAN 
ER  to  enable  the  function. 

1 

PAR  ER 

A  logic  "1"  input  causes  a 
parity  count  error. 

1 

PAR  MAN  ER 

A  logic  "  1 "  input  causes  the 
Manchester  error  in  the  parity 
bit 

1 

SYNC  ERROR 

A  logic  "1"  input  enables  the 
generation  of  a  sync  error. 
The  position  of  the  error  is 
determined  by  SYNC  ER  POS. 

2 

SYNC  ER  POS 

A  logic  "0"  input  causes  the 
sync  transition  to  occur 
early.  A  logic  "1"  input  causes 
the  sync  transition  to  occur 
late.  A  logic  "1"  input  must  be 
present  on  SYNC  ERROR  to 
enable  the  function. 

2 

LONG  WD 

A  logic  "1"  input  causes  the 
encoded  output  word  to  con- 
tain one  bit  too  many. 

2 

SHORT  WD 

A  logic  "1"  input  causes  the 
encoded  output  word  to 
contain  one  bit  too  few. 

1 

TX  DATA 

Serial  Manchester  coded 
MIL-STD-1553  output 

10 

TX  DATA 

Inverted  Manchester  coded 
MIL-STD-1553  output 

10 

ENC  ACTIVE 

A  logic  "1"  output  signifies 
that  the  encoder  is 
transmitting. 

7 

T  LOAD 

A  750  ns  positive  output 
pulse  signifies  that  data  and 
control  inputs  are  being  loaded 
into  the  encoder. 

10 
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FIGURE  2.  ENCODER  TIMING  DIAGRAM 
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FIGURE  3.  ENCODING  ERRORS 
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TEST  METHODS 

BUS-1556  converter  modules  are  high  quality  products 
whose  semiconductor  components  are  hermetically 
sealed.  These  modules  will  meet  the  specific  test 
methods  and  conditions  of  MIL-STD-202E  shown  un- 
less alternative  methods  are  specified  by  the  customer 
in  his  procurement  documentation. 


BUS-1556 


MECHANICAL  OUTLINE 
Dimensions  in  inches  (millimeters) 
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MIL-STD-1553  ADVANCED  INTEGRATED 

MUX  (AIM)  HYBRID 

FEATURES 

•  COMPLETE  INTEGRATED  MUX 
INCLUDING: 

-  LOW  POWER  DUAL 
TRANSCEIVER 

-  BC/RTU/MT  PROTOCOL 
-8Kx  16  SHARED  RAM 

-  INTERRUPT  LOGIC 


DESCRIPTION 

DDC's  BUS-61553  Advanced  Integra- 
ted Mux  (AIM)  Hybrid  is  a  complete  MIL- 
STD-1553  Bus  Controller  (BC),  Remote 
Terminal  Unit  (RTU),  and  Bus  Monitor 
(MT)  device.  Packaged  in  a  single  78 
pin  DIP  package,  the  BUS-61553  con- 
tains dual  low-power  transceivers,  com- 
plete BC/RTU/MT  protocol  logic,  a  MIL- 
STD-1553-to-host  interface  unit  and  an 
8K  x  16  RAM. 

Using  an  industry  standard  dual  trans- 
ceiver and  standard  status  and  control 
signals,  the  BUS-61553  simplifies  sys- 
tem integration  at  both  the  MIL-STD- 
1553  and  host  processor  interface 
levels. 

All   1553  operations  are  controlled 


through  the  CPU  access  to  the  shared 
8K  x  16  RAM.  To  ensure  maximum  de- 
sign flexibility,  memory  control  lines  are 
provided  for  attaching  external  RAM  to 
the  BUS-61553  Address  and  Data 
Buses  and  for  disabling  internal  mem- 
ory; the  total  combined  memory  space 
can  be  expanded  to  64K  x  16.  All  1553 
transfers  are  entirely  memory-mapped; 
thus  the  CPU  interface  requires  minimal 
hardware  and/or  software  support. 
The  BUS-61553  operates  over  the  full 
military  -55°C  to  +125°C  temperature 
range.  Available  screened  to  MIL-STD- 
883,  the  BUS-61553  is  ideal  for  de- 
manding military  and  industrial  micro- 
processor to  1 553  interface  applications. 


•  COMPATIBLE  WITH  MIL-STD-1750 

AND  OTHER  STANDARD  CPUs 

•  DIP  OR  FLATPACK  HYBRID 

•  MINIMIZES  CPU  OVERHEAD 

•  PROVIDES  MEMORY  MAPPED 

1553  INTERFACE 

•  ON-LINE  &  OFF-LINE  SELF-TEST 

•  IBM  PC®  DEVELOPMENT 

TOOLS  AVAILABLE 

•  SEAFAC  TESTED 


BUS- 25679 
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TRANSCEIVER  B 

Note  The  Watch-Dog  Time  Qui  (768  Ms  lyp.J  «  built  in 


i  SELECT 
[  STRBD 

•  READYD 
|  RD/WR 

;  MEM/REG 

►  exTen 

•  EXTLD 

►  INT 


■  RTADO 
•  RTAD 1 

■  RTAD  2 

■  RTAD  3 

■  RTAD  4 

■  RTADP 

■  RTR 


FIGURE  1.  BUS-61553  BLOCK  DIAGRAM 

®IBM  PC  is  a  registered  trademark  of  International  Business  Machines  Corporation. 


VII-21 


Specifications  at  nominal  power  supply  voltages. 

PARAMETER 

VALUE 

NOTES 

RECEIVER 

Differential  Input  Voltage 

V 

40  max 

Diffprpntiat  Innnt  Imnprianrp 

r\  \ji  II  Mo 

CMRR 

dB 

40min 

TRANSMITTER  (Direct  Counted* 

Differential  Output  Voltage 

V 

6.0  min  9.0  max 

Output  Rise  and  Fall  Times 

nsec 

100min,  300  max 

Output  Offset  Voltage 

mV 

±90  max 

LOGIC* 

V 

2.2  min 

VIL 

V 

0.8  max 

CLOCK 

MHz 

16 

POWER  SUPPLIES 

+5V  (Logic) 

V 

+5±5% 

- 1 5VA  (Chan  A  Transceiver) 

V 

-15±10% 

- 1 5VB  (Chan  B  Transceiver) 

V 

-15±10% 

+5VA(ChanA) 

V 

+5±5% 

+5VB(ChanB) 

V 

+5±5% 

Current  Drain*  (Total  Package) 

(Typ)/max 

mA 

/  Q  C  \  /  1  7n 

(oo)/l  /l) 

+5V  (25%  Duty  Cycle) 

mA 

(85)/ 170 

-15V  (25%  Duty  Cycle) 

mA 

(80)/ 130 

TFMPFR  ATI  IRF  RANftF 

Operating  (Case) 

Of* 

v 

—  55  to  +1 25 

Storage 

°C 

-65to+150 

PHYSICAL  CHARACTERISTICS 

Size 

78  pin  DIP 

in 

2.1  x  1.87x0.25 

(mm) 

(53x47.5x6.4) 

82  pin  Flatpack 

in 

2.19x1.6x1.7 

(mm) 

(55.6  x  40.6  x  4.34) 

Weight 

oz 

1.0 

(g) 

(29) 

*  See  Table  7  for  pin  loading  characteristics. 


GENERAL 

The  BUS-61553  is  a  complete  MIL-STD-1553  bus  interface  unit 
containing  dual  low-power  transceivers;  Bus  Controller  (BC), 
Remote  Terminal  (RTU),  and  Bus  Monitor  (MT)  protocol  logic; 
8K  x  16-bit  pseudo  dual  port  RAM;  and  memory  management 
arbitration  control  circuitry.  The  host  processor  interface  consists 
of  standard  control  and  interrupt  signals,  memory  expansion 
capability  and  non-multiplexed  address  and  data  buses. 
Control  of  the  BUS-61 553  is  accomplished  entirely  through  the 
use  of  three  internal  registers  and  the  shared  RAM.  Transfers 
to  and  from  the  BUS-61 553  are  executed  on  a  word-by-word 
basis  ensuring  minimal  wait  time  if  contention  occurs. 
The  specific  mode  of  operation  (1553  BC/RTU/MT)  is  software 
programmable.  Memory  is  configured  into  unique  control  and 
data  block  areas  based  on  the  1553  mode  of  operation.  External 
registers  are  also  supported  by  the  BUS-61 553  for  manipulation 
of  user  data.  In  addition,  the  BUS-61553  provides  dynamic,  on- 
line and  software  initiated  self-test  capabilities. 


■  ■•  ■  ■— •  it  nwtnu 

The  BUS-61553  is  compatible  with  most  common  microproces- 
sors including,  but  not  limited  to,  the  Motorola  680  x  0,  the  Intel 
808x,  Zilog  Z800x  and  MIL-STD-1750  processors. 

Interfacing  the  BUS-61553  to  the  MIL-STD-1553  Data  Bus  re- 
quires two  DDC  BUS-25679  pulse  transformers  and  an  external 
16  MHz  clock  (see  figure  2).  Tri-state  buffers  are  used  to  isolate 
the  CPU's  data  and  address  lines. 

External  RAM  can  be  used  instead  of  or  in  conjunction  with  the 
BUS-61 553's  internal  8K  x  16  bits.  The  external  RAM  used  by 
the  BUS-61553  can  be  any  standard  static  memory  with  an 
access  time  of  =s55ns.  The  RAM  can  be  expanded  to  64  x  16. 

Two  control  signals,  MEMENA-IN  (pin  69)  and  MEMENA-OUT 
(pin  31)  are  provided  in  addition  to  the  standard  memory  I/O 
signals  for  internal/external  memory  access  control  (see  figures 
3-5).  MEMENA-OUT  and  MEMENA-IN  should  be  tied  together 
for  Internal  Memory  Only  configuration.  Memory  CS  sig- 
nals can  be  generated  for  configurations  using  external  memory. 

MEMORY  MANAGEMENT 

Memory  can  be  configured  to  support  two  AREAS  (A  and  B), 
each  with  an  independent  sequential  stack  and  pointers  for  ma- 
nipulating 1553  message  and  control  data.  The  CPU  can  access 
the  shared  RAM  while  1 553  message  transfers  are  taking  place. 
Arbitration  of  the  RAM  is  automatically  implemented  in  a  manner 
transparent  to  the  subsystem  (see  figures  28-31 ).  Variable  length 
DATA  BLOCKS  are  also  stored  in  the  shared  RAM  and  can  be 
addressed  by  setting  pointers  residing  in  Area  A,  Area  B  or  both. 
For  BC/RTU  operation,  each  area  contains  a  Descriptor  Stack 
and  Stack  Pointer  (see  figures  6  and  7).  BC  operation  further 
maintains  a  Message  Count  for  each  area  (no.  of  1 553  messages 
per  frame).  RTU  operation  maintains  a  data  block  address  Look- 
up Table  for  each  area.  MT  operation  utilizes  a  single  Stack 
Pointer  to  indicate  the  starting  address  for  storage  of  received 
words  and  associated  Identification  Words. 

CURRENT  AREA  ASSIGNMENT/SWAPPING.  Current  area 
status  (currently  available  to  the  1553  terminal)  is  software  pro- 
grammable by  the  host;  the  unassigned  area  automatically  as- 
sumes non-current  area  status.  Both  areas  are  always  accessi- 
ble by  the  host.  Swapping  of  the  Current  Area  can  be  done 
following  message  transfers  for  user  operations  such  as  excep- 
tion handling  or  multiple  buffering  of  1553  data. 

The  host  selects  the  Current  Area  by  writing  to  the  BUS-61 553's 
Configuration  Register  with  bit  13  set  to  the  appropriate  logic 
level  (0  for  area  A  or  1  for  area  B).  Internal  circuitry  ensures  that 
the  swapping  of  Current  Area  Status  does  not  occur  during  an 
ongoing  message  transfer  (see  Configuration  Register). 

DESCRIPTOR  STACK  (BC/RTU).  The  DESCRIPTOR  STACK 
(DS)  is  divided  into  64  entries.  Each  stack  entry  contains  four 
words  which  refer  to  one  1 553  message.  The  Block  Status  Word 
(BSW)  indicates  the  physical  bus  on  which  the  message  was 
received  (RTU  mode),  reports  whether  or  not  an  error  was  de- 
tected during  message  transfer  and  indicates  message  comple- 
tion (see  figure  8). 

The  user-supplied  Time  Tag  word  is  loaded  at  the  start  of  a 
message  transfer  and  is  updated  at  the  end  of  the  transfer  (see 
Time  Tagging). 
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1 .  MEMENA-OUT  is  connected  to  MEMENA-IN  only  for  use  ot  internal  RAM. 
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FIGURE  2.  BUS-61553  EXAMPLE  INTERCONNECTION 


VII-23 


BUS-61553 


BUS-61553 


ADDRESS  BUS 


MEMENA-OUT 


CS  K 

=5 


<  - 


64KX16 
STATIC  RAM 


ADDRESS 
DECODER 


•10K 


+5V 


FIGURE  4.  EXTERNAL  MEMORY  ONLY 


ILC  DATA  DEVICE 
CORPORATION   


BUS-61553 


ADDRESS  BUS 


<]   CPU 


MEMENA-OUT 


MEMENA-IN 


FIGURE  3.  INTERNAL  MEMORY  ONLY 


MEMENA-IN 


MEMENA-OUT 


A 
B 

c 

<3|E 


0  3- 

1  3- 


2  > 


3  > 


4  > 


5  O 


6  > 


7  » 


ADDRESS  BUS 


ADDRESS 
DECODER 


,'13 


56  x  16K  STATIC  RAM  MAX 


A 

6 

6 

<s 

6 

8K 

8K 

8K 

8K 

8K 

8K 

8K 

X 

X 

X 

X 

16 

16 

16 

16 

16 

16 

16 
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"NOTE: 

STACK  POINTERS  and  MESSAGE  COUNTERS  are  switched  via  the  CONFIG- 
URATION REGISTER  under  external  CPU  control. 

•NOTE: 

DESCRIPTOR  STACKS  and  DATA  BLOCKS  have  256  word  boundaries  which 
should  be  observed. 


FIGURE  6.  USE  OF  DESCRIPTOR  STACK  -  BC  MODE 
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■NOTE: 

STACK  POINTERS  and  LOOK-UP  TABLE  are  switched  via  the  CONFIGURA- 
TION REGISTER  under  external  CPU  control. 


•NOTE: 

DESCRIPTOR  STACKS  and  DATA  BLOCKS  have  256  word  boundaries  which 
should  be  observed. 


FIGURE  7.  USE  OF  DESCRIPTOR  STACK  -  RTU  MODE 
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Note:  InBC  operation,  the  BUS-61553  always  writes  the  BSW  to  RAM  with  Bit-1 3. 
CHB/CHA  toggles  as  per  the  message  control  word  setting. 


BIT  NAME 


EOM 
SOM 

CHB/CHA 
ERROR  FLAG 
STATUS  SET 

FORMAT  ERROR 


RESPONSE 
TIMEOUT 


LOOP  TEST 
FAIL 


DEFINITION 


Set  at  the  completion  of  a  message  transfer 
regardless  of  whether  any  errors  were  detected. 
Set  at  the  beginning  of  a  message  transfer  and 
Reset  upon  completion  of  the  transfer. 
Set  in  RTU  mode  to  indicate  whether  the 
message  was  received  on  1 553  bus  A  or  bus  B. 
Toggles  to  indicate  channel,  in  BC  mode. 
Indicates  that  an  error  was  detected  within  the 
message  transfer.  The  specific  error  condition(s) 
are  identified  in  bits  8-11. 
Set  in  BC  mode  to  indicate  that  a  status  flag  bit 
was  set  within  the  received  RTU  Status  Word  or 
that  the  RTU  address  did  not  match  the  associ- 
ated Command.  Set  in  BC  mode  when  the  mes- 
sage error  bit  is  set  within  the  received  RTU 
Status  Word. 

Also  set  in  RTU  mode  (RT-RT  transfer;  BUS- 
61 553  is  acting  as  the  receiving  RT)  when  the 
transmitting  RTU  Status  Word  contains  an  incor- 
rect address.  Also,  set  in  BC  or  RTU  mode  if  the 
message  violates  MIL-STD-1 553  (parity, 
Manchester,  sync  bit  count, non-contiguous  data 
or  word  count  errors). 

Set  in  BC  mode  if  the  addressed  RTU  did  not 
respond  within  1 4jus.  Also  set  when  acting  as  a 
receiving  RT  (RT-RT  transfer)  if  the  transmitting 
RT  does  not  respond  in  the  specified  1 553 
response  time. 

Set  when  the  BUS-61 553  does  not  pass  the  Loop 
Test.  See  Self  Test  paragraph. 


FIGURE  8.  DESCRIPTOR  STACK -BLOCK  STATUS  WORD 


The  contents  of  the  fourth  word  of  the  stack  entry  depends  upon 
the  1553  operating  mode  selected.  In  BC  mode,  it  contains  the 
address  of  the  associated  1553  message  (Data  Block).  In  RTU 
mode,  it  contains  the  complete  (received)  1 553  Command  Word. 

STACK  POINTER.  A  Stack  Pointer  (SP)  is  maintained  at  a 
specified  location  in  shared  RAM  for  each  Descriptor  Stack  (SP- 
A:  0100H;  SP-B:  0104H).  Each  Stack  Pointer  must  be  initialized 
by  the  CPU  to  point  to  the  Descriptor  Stack  Entry  to  be  used 
for  the  first  MIL-STD-1 553  transmission. 
The  current  area  SP  is  automatically  incremented  by  four  follow- 
ing each  message  transfer  thereby  always  pointing  to  the  next 
Block  Status  Word. 

Note:  The  Stack  Pointer  is  maintained  internally  using 
an  8-BIT  REGISTER  for  the  HIGH  BYTE  and  an  8-BIT 
COUNTER  for  the  LOW  BYTE.  The  high  byte  remains 
constant  (user  value)  while  the  low  byte  will  wrap  around 
from  FF(H)  to  00(H).  For  example:  a  current  Stack 
Pointer  value  of  00  FF(H)  will  increment  to  00  00(H) 
and  not  01  00(H). 


LOOK-UP  TABLE  (RTU).  A  data  block  address  Look-Up  Table 
is  used  to  indicate  the  data  blocks  to  be_used  for  individual 
commands.  Look-Up  is  based  upon  the  T/R  (transmit/receive) 
and  Subaddress  bits  of  the  received  1 553  Command  Word.  See 
RTU  Operation  for  detailed  operation;  two  tables  are  provided 
for  double  buffering  in  the  RTU  mode. 

MULTIPLE  BUFFERING  (BC/RTU).  Unused  areas  of  shared 
RAM  can  be  used  to  store  additional  stacks,  tables,  data  blocks 
and/or  user  (non  1553-related)  data.  In  this  way,  multiple  data 
blocks  (RTU)  or  messages  (BC)  can  be  stored  for  later  use: 
simply  update  respective  pointers  and  initiate  the  appropriate 
start  conditions.  (BC  mode  requires  SP,  message  block  address 
and  message  count  updating  while  in  RTU  mode,  the  SP  and 
Look-Up  Table  entry  must  be  updated). 

BUS-61553  REGISTERS 

The  BUS-61553  is  controlled  through  the  use  of  three  internal 
registers:  Interrupt  Mask  Register,  Configuration  Register  and  a 
Start/Reset  register.  In  addition,  the  BUS-61553  can  access  up 
to  four  external,  user  supplied  registers  (see  table  2).  Possible 
external  register  applications  include:  CPU  Time  Tag  storage 
and  RTU  Address  assignment  (see  figures  9  and  10). 
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Note:  A02  of  the  BUS-61 553  must  be  set  to  logic  1  to  operate  with  external  registers. 
FIGURE  9.  USE  OF  EXTERNAL  REGISTERS 
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FIGURE  10.  EXAMPLE  CONFIGURATION  USING 
EXTERNAL  REGISTERS 
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CPU  TO  REGISTER  OPERATIONS.  The  CPU  selects  a  register 
by  asserting  MEM/REG  low  and  A2  to  a  logic  0  (for  internal 
registers)  or  logic  1  (tor  external  registers)  with  AO  and  A1  indi- 
cating the  appropriate  register  address  (see  figures  28-32).  The 
signals  EXTEN  and  EXTLD  are  used  to  access  the  external 
registers . 


CONFIGURATION  REGISTER.  The  Configuration  Register  is 
a  16-bit  read/write  register  used  to  define  the  1553  operating 
mode  (BC,  RTU,  or  MT);  define  selectable  1553  Status  Word 
bits  (RTU  only);  select  stop-on-error  option;  and  support  the 
double  buffering  scheme  (see  figure  11). 
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SERVICE  REQUEST 
BUSY 
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BIT  NAME 

DEFINITION 

SUBSYSTEM  FLAG 

Sets/resets  1 553  Status  Word  flag. 

SERVICE  REQUEST 

Sets/resets  1 553  Status  Word  flag. 

BUSY 

Sets/rese 

its  1553  Status  Word  flag. 

DB  ACCEPT 

Sets/resets  1 553  Status  Word  flag. 

STOP  ON  ERROR 

BC  will  halt  message  transfer  after  complet- 

ing current  EOM  cycle. 

CURRENT  AREA  B/A 

Selects  Current  Area  pointers. 

RTU/BC 

RTU  or  BC-MT  Operation  Select. 

BIT  15 

BIT  14 

Operation 

0 

0 

BC 

0 

1 

MT 

1 

0 

RTU 

1 

1 

Illegal 

Note:  A  logic  0  causes  the  corresponding  bit  within  the  RTU's  status 
word  to  be  set  to  a  logic  1 . 

FIGURE  11.  CONFIGURATION  REGISTER 


INTERRUPT  MASK  REGISTER  (BC/RTU).  This  register  is  a 
1 6-bit  read/write  register  used  to  enable/mask  interrupt  condi- 
tions. If  an  interrupt  condition  occurs  and  the  corresponding 
Interrupt  Register  bit  has  been  enabled  (set  to  logic  1 )  pin  72, 
INT  will  be  pulsed  low  during  the  respective  End  of  Message 
(EOM)  cycle  (see  figure  1 2).  Not  Used  bit  locations  can  optionally 
be  used  for  storing  user  flags. 
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DEFINITION 


End  of  message.  Set  by  BUS-61 553  in  BC  or 
RTU  mode  following  each  1 553  transfer  (regard- 
less ofvalidity). 

Set  if  one  of  the  following  occurs: 

Loop  Test  Failure:  Received  word  does  not 

match  last  word  transmitted. 

Message  Error:  Received  message  contained 

a  violation  of  any  of  the  1 553  message  validation 

criteria  (parity,  sync,  Manchester  encoding, 

bit/word  count,  etc.). 

Time-Out:  Expected  transmission  was  not 

received  during  the  allotted  time. 

Status  Set:  Received  Status  Word  contained 

status  bit(s)  set  or  address  error. 

Bus  Controller  End  of  Message.  Set  by  the 

BUS-61 553  following  transmission  of  all 

messages  within  the  current  Message  Block. 

(Current  area  message  count  =  FFFF). 


FIGURE  12.  INTERRUPT  MASK  REGISTER 


START/RESET  REGISTER.  This  write-only  register  is  used  to 
reset  the  BUS-61553  and  to  start  the  BC  and  MT  operations, 
as  illustrated  in  figure  13. 
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BIT  NAME 

DEFINITION 

CONTROLLER 
START 

RESET 

Issued  by  the  CPU  to  start  message  block  trans- 
mission (BC  Operation)  or  to  begin  reception  of 
1 553  messages  (MT  Operation). 
Issued  by  the  CPU  to  place  the  BUS-61 553  in  the 
power-on  condition;  (1 )  aborts  1 553  transfers 
currently  in  progress,  and  (2)  resets  Configuration 
and  Interrupt  Mask  Register  bits  (logic  0). 

FIGURE  13.  START/RESET  REGISTER 
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TABLE  2.  BUS-61553  REGISTER  ADDRESS  DEFINITION 

ADDRESS  BITS 

DEFINITION 

A2 

A1 

AO 

0 

0 

0 

R/W 

Interrupt  Mask  Register 

0 

0 

1 

R/W 

Configuration  Register 

0 

1 

0 

Not  Used 

0 

1 

1 

W 

Start/Reset  Register 

1 

0 

0 

R/W 

External  Register  (1) 

1 

0 

1 

R/W 

External  Register  (1) 

1 

1 

0 

R/W 

External  Register  (1) 

1 

1 

1 

R/W 

External  Register  (1) 

Note:  R/W  (read/write)  capability  is  dependent  on  the  user's  decoding 
implementation  (see  figure  9). 


CONTENTION  HANDLING 

The  BUS-61553  arbitrates  shared  RAM  (and  control  register) 
accesses  between  the  host  CPU  and  the  internal  1553  protocol 

logic. 

If  the  host  attempts  to  access  the  RAM  while  an  internal  1553 
memory  cycle  is  in  progress,  the  BUS-61 553  will  delay  the  CPU's 
memory  cycle  by  inserting  wait  states  via  the  READYD  control 
signal  until  the  cycle  has  been  completed.  The  maximum  delay 

is  1.8  us. 

If  the  internal  1553  protocol  logic  attempts  to  access  the  RAM 
while  the  host  CPU  has  control  of  the  memory,  the  internal  1 553 
logic  will  wait  until  the  host  CPU  cycle  has  been  completed.  To 
ensure  the  integrity  of  1553  data  transfers,  the  host  CPU  must 
complete  its  memory  cycle  within  1 .5  /its  (see  figures  28-32). 


SELF  TEST 

The  BUS-61 553  has  two  self-test  modes:  the  automatic,  continu- 
ous On-Line  test  and  the  software-initiated  Off-Line  test.  In  both 
tests  the  Loop  Test  Fail  bit  within  the  Block  Status  Word  will  be 
set  to  a  logic  1  if  a  failure  is  detected. 


ON-LINE  TEST.  The  On-Line  test  occurs  in  BC  and  RTU  modes 
during  transmission  of  each  message  onto  the  1 553  bus.  This 
test  wraps  around  the  last  word  transmitted,  exercising  the  1553 
protocol  logic  through  the  1 553  transceivers. 

While  operating  as  a  BC,  the  last  word  transmitted  is  received, 
decoded,  and  written  back  into  memory  location  immediately 
following  the  last  word  within  the  message  block.  The  host  CPU 
can  read  and  compare  this  Loop  Back  Word  with  the  last  word 
of  the  message  Data  Block;  these  two  words  should  be  identical. 
This  insures  data  integrity  between  the  CPU  and  the  BUS-61 553. 

While  in  the  RTU  mode,  the  internal  1553  Status  Word  will  be 
updated  to  reflect  the  result  of  the  self  test.  The  Status  Word's 
Terminal  Flag  bit  will  be  set  to  a  logic  1  if  a  fault  was  indicated 
by  the  wrap-around,  self-test. 


OFF-LINE  TEST.  The  software-initiated  Off-Line  test  can  be 
executed  only  when  the  BUS-61553  is  configured  as  a  BC.  Set 
the  Wrap-Around  Test  bit  within  the  BC  Control  Word  to  a  logic 
1  and  initiate  any  standard  message  transfer.  This  inhibits  the 
1553  transceivers  and  initiates  the  standard  wrap-around  test 
(i.e.,  internal  1553  encoder  output  is  fed  back  into  the  decoder 
-  the  word  is  then  written  into  memory).  See  BC  Operation  and 
Figure  14,  BC  Control  Word  for  more  detail. 
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BUS  CHANNEL  A/B  ' 

OFF-LINE  SELF  TEST  ' 

MASK  BROADCAST  ' 

NOT  USED   l—l 

MODE  CODE  ' 

BROADCAST  1 

RT-RT  


BIT  NAME 

DEFINITION 

BUS  CHANNEL  A/B 

INITIATE  OFF-LINE 
SELF  TEST 

MASK 

BROADCAST  (1) 

MODE  CODE 
BROADCAST 
RT-RT 

Determines  whether  the  message  will  be  trans- 
mitted on  1 553  Bus  A  or  Bus  B. 
Logic  1  =  A,  logic  0  =  B. 
Logic  1  performs  internal  off-line  transmit/ 
receive  test.  The  last  word  of  the  message  is 
looped  back  through  the  decoder  and  placed  in 
RAM.  See  Self  Test  paragraph. 
When  logic  1 ,  prevents  Broadcast  RCVD  bit  of 
the  1 553  Status  Word  response  from  signalling 
a  status  error  as  a  result  of  a  Broadcast  com- 
mand. (A  FORMAT  error  will  be  generated  if  the 
BROADCAST  bit  is  not  set  on  the  RTU's  Status 
Word.) 

When  logic  1 ,  the  message  is  treated  as  a  Mode 

Code.  (The  Command  Word  -  Word  Count  field 

indicates  Mode  Code  type.) 

When  logic  1 ,  indicates  that  the  message  is  a 

Broadcast  Command.  (No  Status  Word  is 

expected.) 

When  logic  1 ,  the  message  is  treated  as  an  RT- 
RT  transfer.  (The  next  two  words  are  Command 
Words.)  Both  Status  Word  responses  are 
validated. 

Note: 

1.  MASK  BROADCAST  XOR  BROADCAST  BIT  in  Status  Word  = 
STATUS  SET  ERROR. 

2.  When  the  BC  expects  the  BROADCAST  bit  set  in  the  Status  Word, 
a  logic  1  will  mask  the  Status  Interrupt  Error  flag. 


FIGURE  14.  BC  CONTROL  WORD 


RESET 

The  BUS-61 553  can  be  reset  by  pulsing  the  MSTRCLR  (pin  71 ) 
low  or  by  writing  to  the  Start/Reset  register.  After  a  reset  condition 
has  occurred,  the  Configuration,  Interrupt,  and  (internal)  Block 
Status  word  register  outputs  are  forced  to  a  logic  0. 
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-rms  Tjocrtn  ooj  win  auiomancaily  access  an  external,  3-state 
device  (i.e.,  counter)  at  the  start  and  end  of  each  message  in 
BC  or  RTU  modes.  The  BUS-61553  output,  TAG  EN  (pin  76), 
enables  the  device's  output  onto  the  common,  16-bit  data  high- 
way while  executing  a  memory-write  cycle.  The  device's  value 
is  written  into  the  second  location  of  the  Descriptor  Stack  Entry. 
If  a  counter  is  used,  its  clock,  enable,  and  reset  control  lines  are 
connected  per  system  requirement  (see  figure  15).  If  no  external 
device  is  attached  to  the  data  bus,  an  expected  value  of  FFFF 
(H)  will  be  written  into  the  Time  Tag  location  within  the  Descriptor 
Stack. 

Note  that  the  8-bit  Gap  Time  value  generated  in  the  1 553  MT 
mode  of  operation  is  implemented  using  an  8-bit  counter  internal 
to  the  BUS-61553  (see  MT  operation). 


DATA  <  D15-D00 
BUS 


COUNTER 


OE 


OE  > 


0 


DATA 
BUS 


D15-D00 


IOEN 


FIGURE  15.  BC/RT  TIME  TAGGING  (OPTIONAL) 
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FIGURE  16.  BC  MESSAGE  FORMATS 
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BC  OPERATION 

Initialization  of  the  BUS-61553  via  a  Reset  or  by  setting  the 
appropriate  Configuration  Register  bits  will  result  in  placing  the 
BUS-61553  in  the  BC  operating  mode. 


BC  MEMORY  CONFIGURATION.  The  user  configures  the 
memory  by:  (1)  writing  the  start  address  of  the  Descriptor  Stack 
into  the  Current  Area  Stack  Point  location;  (2)  loading  the  fourth 
word  of  each  Descriptor  Stack  Entry  (DSE)  with  the  start  location 
of  each  message  block;  and  (3)  loading  the  Message  Counter 
with  the  total  number  of  messages  to  be  transmitted.  Note  that 
the  Message  Count  must  be  written  in  1  's  compliment.  For  exam- 
ple, to  transmit  one  message,  load  OOFE(H)  (see  Table  3,  BC 
Memory  Map). 

If  both  map  areas  A  and  B  are  utilized,  this  procedure  must  be 
performed  for  each  area.  Note  that  the  Stack  Pointer  and  Mes- 
sage Counter  locations  are  fixed;  Message  Block  locations  are 
user-defined. 

Each  message  block  must  be  proceeded  by  a  BC  Control  Word 
(see  figure  14).  This  word  informs  the  BUS-61553  as  to  the 
format  of  the  message  transfer.  Bit  1  of  the  Control  Word  defines 
whether  the  following  message  to  RT  31  is  to  be  issued  in  Broad- 
cast Mode  or  whether  RT  31  is  a  unique  terminal.  Memory  loca- 
tions must  be  reserved  at  the  end  of  each  message  for:  (1 )  a 
Loop  Back  Word;  (2)  RTU  Status  Word(s);  and  (3)  received  Data 
words.  See  Figure  16,  BC  Message  Formats. 
Message  blocks  may  be  loaded  anywhere  in  the  non-fixed  area 
of  the  shared  RAM.  However,  each  data  block  may  not  cross  a 
256  word  boundary  (i.e.,  bit  8  of  the  starting  address  of  the 
message  block  must  match  bit  8  of  the  address  of  the  last  word 
of  the  message  block). 


TABLE  3.  TYPICAL  BC  MEMORY  MAP 

HEX  ADDRESS 

FUNCTION 

Fixed  Areas 

0100 

Stack  Pointer  A 

0101 

Message  Count  A 

0104 

Stack  Pointer  B 

0105 

Message  Count  B 

User  Defined  Areas 

0108  -  01 3F 

Not  Used 

0140  -  01 7F 

Data  Block  1 

0180  -  01BF 

Data  Block  2 

01  CO  -  01 FF 

Data  Block  3 

0F00  -  0FFF 

Descriptor  Stack  A 

0000  -  00FF 

Descriptor  Stack  B 

ADDITIONAL  FEATURES.  The  Configuration  Register  -  STOP 
ON  ERROR  bit  can  be  set.  This  causes  the  BUS-61553  to  halt 
operation  at  the  end  of  the  current  message  transfer  if  an  error 
is  detected.  In  addition,  setting  the  Interrupt  Mask  Register  bits 
will  result  in  a  low  pulse  on  the  Interrupt  (INT)  pin  with  each 
occurrence  of  the  respective  error,  end  of  message  or  end  of 
message  frame  condition  (See  Configuration  Register  and  Inter- 
rupt Register  sections). 


BC  TRANSFER-START  SEQUENCE 

After  setting  the  CONTROLLER  START  bit  in  the  Start/Reset 
Register,  the  BUS-61 553  takes  the  following  actions: 

1 .  Reads  the  Current  Area  Stack  Pointer  for  the  address  of  the 
Descriptor  Stack  Entry  (DSE). 

2.  Stores  an  SOM  (Start  of  Message)  flag  in  the  Block  Status 
word  to  indicate  a  transfer  operation  in  progress. 

3.  Writes  the  Time  Tag  value  into  the  Descriptor  Stack  (see 
Time  Tag). 

4.  Reads  the  Data  Block  Address  from  the  fourth  location  of  the 
DSE. 

5.  Starts  the  MIL-STD-1553  message  transfer. 

Upon  completion  of  the  MIL-STD-1553  message  transfer,  the 
BUS-61553: 


Generates  an  End  Of  Message  (EOM)  or  Error  (if  applicable) 
interrupt  if  enabled. 

2.  Reads  the  Stack  Pointer  for  the  address  of  the  DSE. 

3.  Updates  the  Block  Status  Word;  resets  SOM,  sets  EOM,  and 
sets  any  applicable  Error  bits. 

4.  Writes  the  Time  Tag  value  into  the  Descriptor  Stack  (see 
Time  Tag). 

5.  Increment  Pointers:  Stack  Pointer  incremented  by  4  and  Mes- 
sage Count  incremented  by  1 . 

6.  If  more  messages  remain  to  be  sent,  a  BC  End  Of  Message 
(BCEOM)  interrupt  occurs  (if  enabled). 


If  an  error  occurs  and  Stop  On  Error  has  been  enabled,  the 
BUS-61553  stops  initiating  BC  Transfer-Start  sequences.  The 
Stack  Pointer  will  point  to  the  next  message  to  be  transferred 
(see  figure  17). 


1. 
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FIGURE  17.  BC  SEQUENCE  OF  OPERATION 
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BC  SETUP  IMPLEMENTATION  EXAMPLE 

Figure  18a-c  shows  the  BC  mode  examples  for  two  message 
transfers,  BASIC  setup,  and  BC  memory  setup. 


LOAD  CONFIGURATION 
REGISTER  (BC  MODE). 


LOAD  STACK  POINTER. 


LOAD  STARTING  ADDRESS  OF 
FIRST  MESSAGE  INTO  STACK. 


LOAD  STARTING  ADDRESS  OF 
SECOND  MESSAGE  INTO  STACK- 


LOAD  FIRST  MESSAGE 
INTO  MEMORY. 


LOAD  SECOND  MESSAGE 
INTO  MEMORY. 


LOAD  MESSAGE  COUNTER  WITH 
1  s  COMPLEMENT  OF  MESSAGE 
COUNT  =  FD  (HEX). 


LOAD  START-RESET  REGISTER 
WITH  THE  VALUE  02. 


FIGURE  18a.  BC  SET-UP 
EXAMPLE  FOR  TWO 
MESSAGE  TRANSFER 


GIVEN: 

1 .  All  values  are  in  hex. 

2.  Map  Area  "A"  is  used  and  located  Irom  Address  0000  to  Address  00FF. 

3.  Message  1 .  located  at  Address  01 40.  is  a  TRANSMIT  Command  to  RT#  1 . 
Subaddress  #1.  Word  Count  =  1 ,  transmitted  on  BUS  A. 

4.  Message  2.  located  at  Address  0180.  is  a  RECEIVE  Command  to  RT  #3, 
Subaddress  #1,  Word  Count  =  3,  transmitted  on  BUS  B. 

5.  Configuration  Register  is  assumed  to  be  memory  mapped  at  location 
2001 .  START/RESET  Register  is  memory  mapped  at  location  2003. 

ISSUE  RESET 

UNITIALIZE  CONFIGURATION  REGISTER 

INITIALIZE  STACK  POINTER 
INITIALIZE  MESSAGE  COUNT 

LOAD  START  ADDRESS  OF  MESSAGE  #1 

LOAD  START  ADDRESS  OF  MESSAGE  #2 

LOAD  BC  CONTROL  WORD  MESSAGE  #1 
LOAD  COMMAND  WORD  MESSAGE  #1 

LOAD  BC  CONTROL  WORD  MESSAGE  #2 
LOAD  COMMAND  WORD  MESSAGE  #2 
LOAD  DATA  WORD  #1  MESSAGE  #2 
LOAD  DATA  WORD  #2  MESSAGE  #2 
LOAD  DATA  WORD  #3  MESSAGE  #2 

ISSUE  "START" 
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0003, 
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0007, 
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0002 

FIGURE  18b.  SAMPLE  BC  SET-UP  INSTRUCTIONS 
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FIGURE  18C.  BC  SET-UP 
MEMORY  MAP 
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RTU  OPERATION 

The  RTU  mode  is  selected  by  resetting  the  BUS-61553  and 
setting  the  appropriate  bits  in  the  Configuration  Register. 


RTU  LOOK-UP  TABLE.  The  RTU  mode  uses  a  Look-Up  Table 
in  order  to  map  the  Data  Blocks  based  upon  incoming  1 553 
Command  Words.  The  BUS-61553  uses  the  T/R  and  Subad- 
dress  fields  to  address  the  Look-Up  Table.  Each  Look-Up  Table 
(A  and  B)  location  contains  a  user-defined  Data  Block  Pointer 
to  an  associated  Data  Block  (see  figures  20  and  21). 


RTU  MEMORY  CONFIGURATION.  The  user  configures  the 
memory  by: 


1.  Writing  the  start  address  of  the  Descriptor  Stack  into  the 
Stack  Pointer  location  and 


Note:  The  Data  Block  and  Stack  Pointers  are  main- 
tained internally  using  an  8-BIT-REGISTER  for  the 
HIGH  BYTE  and  an  8-BIT  COUNTER  for  the  LOW 
BYTE;  the  high  byte  remains  constant  (user  value)  while 
the  low  byte  will  wrap  around  from  FF(H)  to  00(H).  For 
example:  a  current  Pointer  value  of  1 0  FF(H)  will  incre- 
ment to  1 0  00(H)  and  not  1 1  00(H). 


2.  Setting  up  the  Look-Up  Table  as  described  below. 


If  both  map  areas  (A  and  B)  are  utilized,  this  procedure  must 
be  performed  for  each  area.  Note  that  the  Stack  Pointer  and 
Look-Up  Table  locations  are  fixed;  Data  Block(s)  locations  are 
user-defined.  Message  blocks  may  be  loaded  anywhere  in  the 
non-fixed  areas  of  the  shared  RAM.  However,  each  data  block 
may  not  cross  a  256  word  boundary  (i.e.,  bit  8  of  the  starting 
address  of  the  message  block  must  match  bit  8  of  the  address 
of  the  last  word  of  the  message  block).  An  example  of  a  typical 
RTU  Memory  Map  is  given  in  table  4.  Figure  19  shows  the  RTU 
Initialization  steps. 


The  first  32  words  of  the  Look-Up  Table  are  reserved  for  Data 
Blocks  associated  with  Receive  Commands  (T/R  bit  =  0).  The 
remaining  32  words  are  reserved  for  Data  Blocks  associated 
with  Transmit  Commands  (T/R  bit  =  1). 
Mode  Commands  with  data  are  mapped  in  the  same  manner 
as  non-mode  commands.  A  Synchronize  With  Data  command 
maps  to  the  first  or  thirty-second  Table  entry  (depending  upon 
subaddress:  all  0's  or  all  1's),  while  a  Transmit  Vector  Word 
command  points  to  the  thirty-third  or  sixty-fourth  entry. 


ISSUE  RESET  COMMAND 


INITIALIZE  STACK  POINTER 


TABLE  4.  TYPICAL  RTU  MEMORY  MAP 

HEX  ADDRESS 

FUNCTION 

Fixed  Areas 

0100 
0101 
0104 
0105 

0108  -  013F 
0140  -  01 7F 
01  CO  -  01 FF 

Descriptor  Stack  Pointer  A 
Reserved 

Descriptor  Stack  Pointer  B 

Reserved 

Spare 

Look-Up  Table  A 
Look-Up  Table  B 

User  Defined  Areas 

0180  -  01 9F 
01  AO  -  01  BF 
0200  -  021 F 

OEEO  -  OEFF 
0000  -  OOFF 
OFOO  -  OFFF 

Data  Block  1 
Data  Block  2 
Data  Block  3 

Data  Block  107 
Descriptor  Stack  A 
Descriptor  Stack  B 

SET  UP  LOOK-UP  TABLE(S) 
DATA  BLOCK  ASSIGNMENTS 


SET  UP  DATA  BLOCKS 


INITIALIZE  INTERRUPT 
MASK  REGISTER 


SET  CONFIGURATION 
REGISTER  TO  RTU  MODE 


WAIT  FOR  1 553  COMMAND 


FIGURE  19.  RTU  INITIALIZATION 
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FIGURE  20.  RTU  LOOK-UP  TABLE  ADDRESS 
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SUBADD 

COUNT 

ADDRESS 

DATA  BLOCK 

0 

00000 

XXXXX 

0140 

USER  DEFINED 

0 

00001 

XXXXX 

01 41 

USER  DEFINED 

0 

00010 

XXXXX 

0142 

USER  DEFINED 

64  LOCATIONS 

1 

11110 

XXXXX 

01 7E 

USER  DEFINED 

1 

11111 

XXXXX 

01 7F 

USER  DEFINED 

FIGURE  21.  LOOK-UP  TABLE  EXAMPLE 


RTU  MESSAGE  BLOCK  TRANSFER  SEQUENCE 

RTU  message  transfer  operations  begin  automatically  upon  re- 
ceipt of  a  valid  command  word  from  the  1553  bus.  A  message 
transfer  takes  the  form  of  an  RTU  Start  Of  Message  (SOM)  cycle 
followed  by  the  1 553  Message  Transfer  Cycle  and  an  RTU  End 
Of  Message  (EOM)  cycle  (see  figure  22). 


During  the  RTU  SOM  cycle,  the  BUS-61553  takes  the  following 

actions: 

1.  Loads  the  1553  command  word. 

2.  Reads  the  current  area  Stack  Pointer  to  get  the  address  of 
the  current  Descriptor  Stack  Entry  (DSE). 

3.  Stores  an  SOM  flag  into  the  Block  Status  Word  to  indicate  a 
transfer  in  progress. 

4.  Writes  the  Time  Tag  value  into  the  the  Descriptor  Stack. 

5.  Stores  the  Command  Word  received. 

6.  Reads  the  associated  Data  Block  Address  from  the  (current 
area)  Look-Up  Table. 

The  MESSAGE  TRANSFER  CYCLE  refers  to  the  actual  transfer 
of  the  1 553  message  under  control  of  the  BUS-61 553.  The  BUS- 
61 553  transfers  data  to  and  from  the  memory  on  a  word-by-word 


Upon  completion  of  the  message  transfer,  the  BUS-61553  exe- 
cutes an  RTU  End  Of  Message  (EOM)  cycle  during  which  the 

BUS-61553: 

1.  Generates  an  EOM  or  Error  interrupt  (if  enabled). 

2.  Updates  the  Block  Status  Word:  clears  SOM,  sets  EOM,  and 
any  appropriate  error  bits. 

3.  Writes  the  Time  Tag  value  into  the  Descriptor  Stack. 

4.  Increments  the  Stack  Pointer  by  4. 


553  COMMAND  WORD 
RECEIVED 


) 


READ  STACK  POINTER 


UPDATE  DESCRIPTOR  STACK, 
BLOCK  STATUS  WORD,  TIME 
TAG  AND  COMMAND  WORD 


READ  LOOK-UP  TABLE  USING 
T/R  SUBADDRESS  CURRENT 
AREA  BIT  B/A 


TRANSFER  DATA  TO/FROM 
1553  INTERFACE  DEVICE 


UPDATE  BLOCK  STATUS  WORD 
AND  TIME  TAG 


INCREMENT  STACK  POINTER 
BY  FOUR 


GENERATE  EOM  INTERRUPT  AND 
ERROR  INTERRUPT  IF  ERROR 
CONDITION  DETECTED 


(WAIT  FOR  NEXT  "N 
1 553  COMMAND  J 


FIGURE  22.  RTU  MESSAGE  TRANSFER  OPERATION 
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ADDITIONAL  FEATURES.  Four  1553  Status  Word  flags  can 
be  programmed  via  the  appropriate  Configuration  Register  bits. 
In  addition,  setting  Interrupt  Mask  Register  bits  will  result  in  a 
low  pulse  on  the  Interrupt  (INT)  pin  with  each  occurrence  of  the 
respective  error  or  end  of  message  condition.  (See  Configuration 
Register  and  Interrupt  Register  sections.) 
THIS  RT:  Each  command  appearing  on  either  1553  Bus  is  de- 
coded and  tested  for  Manchester/protocol  errors.  If  the  BUS- 
61 553  receives  a  valid  command  word  containing  a  RTU  address 
equivalent  to  the  RTAD0-RTAD4  inputs  (pins  10,  9,  50,  49,  and 
1 1 ,  respectively),  THIS-RT  (pin  55)  will  be  pulsed  low.  This  signal 
can  be  used  to  identify  specific  1 553  commands.  This  signal  is 
also  active  in  the  BC  mode. 

Command  legalization  (Optional).  The  BUS-61553  has  the 
capability  to  illegalize  MIL-STD-1553  mode  commands.  In  addi- 
tion, valid  non-mode  commands  can  be  illegalized  based  upon 
the  Command  Word  subaddress  field.  An  illegal  command  is 
identified  by  driving  the  Illegal  Command,  ILLCMD  (pin  12)  input 
low.  The  BUS-61553  multiplexes  the  Word  Count  and  Subad- 
dress fields  (pins  SA/MCO  -  SA/MC4). 
The  BUS-61553  responds  to  illegalized  commands  by  transmit- 
ting its  Status  Word  with  the  Message  Error  bit  set.  No  data 


words  are  transmitted;  received  words,  however,  are  placed  in 
the  shared  RAM  locations  indicated  by  the  current  area  Look-Up 
Table. 

Upon  receipt  of  a  valid  mode  command,  the  BUS-61553  will 
output  the  Command  Word-Word  Count  field  and  set  the  Latched 
Mode  Command  (LMC)  output  to  a  logic  1 .  Upon  receipt  of  a 
valid  non-mode  command,  the  BUS-61553  will  output  the  Com- 
mand Word-Subaddress  field  and  set  the  Latched  Mode  Com- 
mand (LMC)  output  to  a  logic  0. 

An  external  PROM  can  be  used  for  command  illegalization  by 
decoding  the  word  count/subaddress,  LMC  and  Broadcast  Re- 
ceived (BCSTRCV)  bits  and  driving  ILLCMD  low  where  appro- 
priate (see  figure  23). 

BUSY  BIT.  If  the  user  asserts  the  BUSY  bit  low  in  the  Configura- 
tion Register,  the  BUS-61 553  will  respond  with  a  Status  Word 
with  the  BUSY  bit  set.  In  addition,  no  data  words  will  be  transfer- 
red from  the  shared  RAM  as  indicated  by  the  corresponding  value 
in  the  current  area  Look-Up  Table.  The  AIM-Hy  will  transfer  data 
associated  with  a  Receive  Command  into  memory  but  will  not 
transmit  data  out  onto  the  MIL-STD-1553  bus  when  busy  upon 
receipt  of  a  Transmit  Command. 


THIS  RT  . 
(Note  1 ) 


BCSTRCV . 
(Note  1) 


T/R.  LMC. 
SA/MC  0-4 


ILLCMD 


INCMD 


PREVIOUS  MESSAGE 


THIS  MESSAGE 


(note  2) 


///////////////////////I 


!  ts 

(note  3) 


COMMAND  ILLEGALIZATION  TIMING 

SYMBOL 

DESCRIPTION 

MIN 

TYP 

MAX 

UNITS 

ti 

THIS  RT,  BCSTRCV  valid  delay  to  INCMD 

1.475 

U.S 

k 

THIS  RT,  BCSTRCV  validity  time 

3.7 

4.3 

U.S 

t3 

T/R,  LMC,  SA/MC  0-4  setup  time  to  INCMD 

425 

ns 

U 

ILLCMD  setup  time  to  INCMD 

175 

ns 

t5 

ILLCMD  hold  time  following  INCMD 

5 

ns 

NOTES. 

1  THIS  RT  is  asserted  low  tor  messages  directed  to  the  discrete  terminal  address. 

BCSTRCV  is  asserted  low  for  messages  directed  to  Address  31 ,  the  Broadcast  Address. 

2.  T/R,  LMC,  SA/MC  0-4  remain  valid  until  receipt  of  next  command  or  Master  Reset. 

3.  ILLCMD  input  sampled  internally  on  falling  edge  of  INCMD. 


FIGURE  23.  BROADCAST,  T/R  BIT,  LMC,  SUBADDRESS/MODE  CODE  ILLEGALIZATION  TIMING 
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MT  OPERATION 

Initiate  a  Reset  in  order  to  initialize  the  BUS-61553.  Configure 
the  BUS-61 553  as  a  Bus  Monitor  (MT)  by  setting  the  appropriate 
Configuration  Register  Bits.  See  figure  24  for  MT  initialization 


c 


) 


ISSUE  RESET  COMMAND 

MT  MEMORY  CONFIGURATION.  The  user  configures  the 
memory  by  writing  the  start  address  for  1553  data  storage  into 
the  Stack  Pointer  location.  The  Monitor  Stack  will  automatically 
wrap  around  once  the  RAM  has  been  filled  (i.e.,  location  1FFF(H) 
of  8K  x  16  RAM  is  followed  by  location  0000).  An  example  of  a 
typical  MT  Memory  Map  is  given  in  table  5. 


TABLE  5.  TYPICAL  MT  MEMORY  MAP 

HEX  ADDRESS 

FUNCTION 

0000 

First  Received  1 553  Word 

0001 

First  Identification  Word 

0002 

Second  Received  1 553  Word 

0003 

Second  Identification  Word 

0004 

0005 

0006 

0100 

Stack  Pointer  (Fixed  location) 

1FFF 

MT  START  SEQUENCE.  After  setting  the  CONTROLLER 

START  bit  in  the  Start/Reset  Register,  the  BUS-61 553  takes  the 

following  actions: 

1 .  Reads  the  start  address  for  1 553  data  storage  from  the  Stack 
Pointer  location.  The  Stack  Pointer  location(s)  will  be  overwrit- 
ten with  1 553  data  once  the  MT  mode  has  begun  [and  1 553 
data  is  written  into  locations  0100(H)  and  0101(H)]. 

2.  Stores  the  received  1 553  word  into  memory. 

3.  Increments  the  Stack  Pointer  by  1 . 

4.  Generates  an  Identification  Word  and  stores  this  value  into 

memory. 

5.  Repeats  steps  2-4  until  a  Reset  condition  occurs. 


MT  IDENTIFICATION  WORD.  The  Identification  word  provides 
the  CPU  with  information  pertaining  to  the  received  1 553  word. 
Its  format  is  shown  in  figure  25,  This  information  allows  the  user 
to  analyze  the  1553  data. 

THIS-RT:  Each  command  appearing  on  either  1553  Bus 
is  decoded  and  tested  for  Manchester/protocol  errors.  If  the  BUS- 
61553  receives  a  valid  command  word  containing  a  Command 
Sync  and  a  RTU  address  eqyuivalent  to  the  RTAD0-RTAD4 
inputs  (pins  10,  9,  50,  49,  and  11,  respectively),  THIS-RT  (pin 
55)  will  be  pulsed  low.  This  signal  can  be  used  to  identify  specific 
1553  commands  or  for  switching  to  RTU  mode  upon  receipt  of 
a  command  to  this  address. 


INITIALIZE  STACK  POINTER 

SET  CONFIGURATION  REGISTER 
TO  MT  MODE 

ISSUE  START  COMMAND 


FIGURE  24.  MT  INITIALIZATION 
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MODE  CODE  ■ 


BIT  NAME 


GAP  TIME 


WORD  FLAG 


THIS  RT 


BROADCAST 
ERROR 

COMMAND  SYNC 

1553  CHANNEL  B/A 

CONTIGUOUS 
DATA 

MODE  CODE 


DEFINITION 


Indicates  the  time  between  receipt  of  the 
previous  and  current  words.  Time  is  indicated 
in  0.5  us  increments  for  a  maximum  of  1 28  /xs 
and  goes  to  FF  over  128  us.  (See  Word  Gap 
bit.) 

Always  logic  1 . 

Logic  0  indicates  RT  address  field  of  the  associ- 
ated command  or  Status  Word  matches  the  RT 
address  field  of  the  BUS-61 553. 
Logic  0  indicates  the  RTU  address  field  of  the 
command  or  Status  Word  corresponds  to 
address31  (decimal). 
Logic  1  indicates  Manchester,  Parity,  Sync 
and/or  low  bit  count  error. 
Logic  1  indicates  1 553  Command  or  Status 
Word  sync  field.  (Logic  0  indicates  a  Data  Word 
sync  field  in  received  word. 
Indicates  word  received  on  1 553  Bus  A  ( 1 )  or 
BusB(0). 

Logic  1  indicates  the  word  was  received  within 
2  lis  of  the  previous  word.  If  logic  0,  bits  8-1 5 
contain  the  measured  gap  between  the  words 

When  logic  0.  the  data  transferred  is  a  mode 
code  command. 


FIGURE  25.  MT  IDENTIFICATION  WORD 
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START  COMMAND  ISSUED 


GET  STACK  POINTER  FROM 
WORD  100  IN  RAM  AND 
STORE  IN  INTERNAL  REGISTER 


STORE  RETRIEVED  1553  WORD 
IN  RAM,  INCREMENT  INTERNAL 
ADDRESS  REGISTER 

STORE  I0ENTIF 
IN  RAM,  INCREIs 
ADDRESS 

ICATION  WORD 
1ENT  INTERNAL 
REGISTER 

FIGURE  26.  MT  DATA  STORAGE  OPERATION 


MT  DATA  STORAGE.  Figure  26  shows  the  steps  in  a  MT  data 
storage  operation. 

INTERRUPTS:  SA/MC  -  0  (pin  13),  SA/MC  -  1  (pin  15),  and 
SA/MC  -  2  (pin  52)  represents  B6,  B7,  and  B8  counter  outputs 
in  the  MT  mode.  B6  counts  every  32  words  transferred,  B7  every 
64  words,  and  B8  every  1 28  words.  These  counter  outputs  can 
be  used  to  generate  interrupts  to  the  subsystem  to  insure  proper 
servicing  of  Memory.  The  Data  Word  and  Identification  Word 
transfers  increment  the  counter  by  two. 

BUILT-IN-TEST  WORD  (RTU  MODE) 

The  BUS-61 553  contains  a  1 4  bit  Built-in-Test  (BIT)  word  register 
which  stores  information  about  the  condition  of  the  RTU.  When 
a  Mode  Command  is  received  to  transmit  BIT  word,  the  contents 
of  this  register  are  transmitted  over  the  1553  data  bus.  Figure 
27  shows  the  meaning  of  each  bit  in  the  BIT  register.  Information 
is  included  regarding  transmitter  timeouts,  loop  test  failures, 
transmitter  shutdown,  subsystem  handshake  failure,  and  the  re- 
sults of  individual  message  validations. 

MODE  CODES 

The  BUS-61553  implements  all  mode  codes  applicable  to  dual- 
redundant  systems.  Mode  codes  can  also  be  illegalized  using 
the  appropriate  I/O  signals.  Mode  command  illegalization  and 
handling  are  detailed  in  the  RTU  Operation  section  and  listed 
in  table  6. 


15  14  13  12  11  10  9   8   7   6   5  4  3  2   1  0 


CH  B  XMITTER  1 

TIMEOUT 
CH  A  XMITTER   ' 

TIMEOUT 
CH  B  LOOP  TEST  FAILURE-! 

CH  A  LOOP  TEST  FAILURE  1 

CH  B  XMITTER  SHUTDOWN  ' 

CH  A  XMITTER  SHUTDOWN  1 

NON-MODE  BROADCAST  1 

CMND  TO  XMIT 

MESSAGE  HIGH  WORD  COUNT  ' 

MESSAGE  LOW  WORD  COUNT  1 

ILLEGAL  MODE  CODE  OR  ILLEGAL  1 

BROADCAST  WITH  MODE  CODE 

MODE  CODE  OR  T/R  ERROR  ' 

CH  A/B  LOOP  TEST  FAILURE  ' 

HANDSHAKE  FAILURE  1 

CH  A/B  XMITTER  TIMEOUT  1 

Notes: 

1.  Bits  0-2  and  10-13  are  latched  and  only  cleared  by  a  mode  reset 
command  or  a  master  RESET. 

2.  Bits  3-7  are  cleared  at  the  start  of  each  new  message  and  updated 
at  the  end  ot  the  message.  They  reflect  the  present  command  word. 

3.  Bits  8-9  are  set  by  the  mode  command  for  Transmitter  Shutdown 
and  are  cleared  by  the  mode  command  for  Override  Transmitter 
Shutdown,  Reset  RTU  or  a  master  RESET. 

FIGURE  27.  BUILT-IN-TEST  WORD  (RTU  MODE) 
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 TABLE  6.  MODE  CODES  

DYNAMIC  BUS  CONTROL  (00000) 

MESSAGE  SEQUENCE  =  DBC  *  STATUS 

The  BUS-61 553  responds  with  status.  If  the  subsystem  wants  control  of  the  bus,  it  must  set  DBACC  within  the  Configuration  Register. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


SYNCHRONIZE  WITHOUT  DATA  WORD  (00001) 
MESSAGE  SEQUENCE  =  SYNC  *  STATUS 

The  BUS-61 553  responds  with  status.  If  sent  as  a  broadcast,  the  broadcast  receive  bit  will  be  set  and  status  response  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

TRANSMIT  STATUS  WORD  (00010) 

MESSAGE  SEQUENCE  =  TRANSMIT  STATUS  *  STATUS 

The  status  and  BIT  word  registers  are  not  altered  by  this  command  and  contain  the  resulting  status  from  the  previous  command. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 


INITIATE  SELF-TEST  (00011) 

MESSAGE  SEQUENCE  =  SELF-TEST  *  STATUS 

The  BUS-61 553  responds  with  a  status  word.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status 
transmission  suppressed.  Short-loop  test  is  initiated  on  the  status  word  transmitted.  If  the  test  fails,  an  RT  fail  flag  is  set. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error 
(BIT  Word). 

5.  Faulty  Test.  Bits  set:  terminal  flag  (SW),  A/B  Loop  Test  Fail,  Current  1553  Bus  (A  or  B)  Loop  Test  Fail  (BIT  Word). 

TRANSMITTER  SHUTDOWN  (00100) 

MESSAGE  SEQUENCE  =  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-61 553  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-61 553  inhibits  any  further  transmission  from  the  dual  redundant  channel.  Once  shutdown,  the  transmitter 
can  only  be  reactivated  by  Override  Transmitter  Shutdown  or  RESET  RT  commands. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


*  =  Status  response  time 
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 TABLE  6.  MODE  CODES  (CONTINUED)  

OVERRIDE  TRANSMITTER  SHUTDOWN  (00101) 

MESSAGE  SEQUENCE  =  OVERRIDE  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-61553  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65515  re-enables  the  transmitter  of  the  redundant  bus.  If  the  command  was  broadcast,  the  broadcast 
received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


INHIBIT  TERMINAL  FLAG  BIT  (00110) 

MESSAGE  SEQUENCE  =  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  BUS-61553  responds  with  status  and  inhibits  further  internal  or  external  setting  of  the  terminal  flag  bit  in  the  status  register. 
Once  the  terminal  flag  has  been  inhibited,  it  can  only  be  reactivated  by  an  Override  Inhibit  Terminal  Flag  or  Reset  RT  command. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


OVERRIDE  INHIBIT  TERMINAL  FLAG  BIT  (00111) 

MESSAGE  SEQUENCE  =  OVERRIDE  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  RTU  responds  with  status  and  reactivates  the  terminal  flag  bit  in  the  status  register.  If  the  command  was  broadcast,  the 
broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


RESET  REMOTE  TERMINAL  (01000) 

MESSAGE  SEQUENCE  =  RESET  REMOTE  TERMINAL  *  STATUS 

The  BUS-61 553  responds  with  status  and  internally  resets.  Transmitter  shutdown,  mode  commands,  BIT  Word,  and  inhibit  terminal 
flag  commands  will  be  reset.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  the  status  word  is  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word) . 

RESERVED  MODE  CODES  (01001-01111) 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODES  *  STATUS 

The  BUS-61553  responds  with  status.  If  the  command  is  illegalized  through  an  optional  PROM,  the  message  error  bit  is  set  and 
only  the  status  word  is  transmitted. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode 
Code  (BIT  Word). 


*  =  Status  response  time 
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TRANSMIT  VECTOR  WORD  (10000) 

MESSAGE  SEQUENCE  =  TRANSMIT  VECTOR  WORD  *  STATUS  VECTOR  WORD 

The  BUS-61553  transmits  a  status  word  followed  by  a  vector  word. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error,  Low  Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  (BIT  Word). 


SYNCHRONIZE  WITH  DATA  WORD  (10001) 

MESSAGE  SEQUENCE  =  SYNCHRONIZE  DATA  WORD  *  STATUS 

The  data  word  received  following  the  command  word  is  transferred  to  the  RAM.  The  status  word  is  then  transmitted.  If  the 
command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW) ,  High  Word  Count  (BIT  Word). 

4.  Command  T/RbitSetto  One.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  Zero  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received 
(SW),  High  Word  Count,  T/R  Error  (BIT  Word). 


TRANSMIT  LAST  COMMAND  (10010) 

MESSAGE  SEQUENCE  =  TRANSMIT  LAST  COMMAND  *  STATUS  LAST  COMMAND 

The  status  and  BIT  word  registers  are  not  altered  by  this  command.  The  SW  contains  the  status  from  the  previous  command. 
The  data  word  transmitted  contains  the  previous  valid  command  (providing  it  was  not  another  TRANSMIT  LAST  COMMAND). 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


TRANSMIT  BIT  WORD  (10011) 

MESSAGE  SEQUENCE  =  TRANSMIT  BIT  WORD  *  STATUS  BIT  WORD 

The  BUS-61553  responds  with  status  followed  by  the  BIT  word.  The  BIT  word  is  not  altered  by  this  command;  however,  the  next 
SW  will  reflect  errors  in  this  transmission. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bit  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error,  Low 
Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


*  =  Status  response  time 


VII-40 


SELECTED  TRANSMITTER  SHUTDOWN  (10100) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  is  transferred  to  the  subsystem  and  status  is  transmitted.  No  other  action  is  taken  by  the  BUS-65515. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed.  Intended  for  use  with  RTs 
with  more  than  one  dual  redundant  channel. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode 
Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/Rbit  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW) ,  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 


OVERRIDE  SELECTED  TRANSMITTER  SHUTDOWN  (10101) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  after  the  command  word  is  transferred  to  the  subsystem.  No  other  action  is  taken  by  the  BUS-65515. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/Rbit  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count,  T/R  Error  (BIT  Word). 


RESERVED  MODE  CODES 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODE  (T/R  =  1)  *  STATUS 
RESERVED  MODE  CODE  (T/R  =  0)  *  STATUS 

The  BUS-61553  responds  with  status.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission 
suppressed. 

ERROR  CONDITIONS  (T/R  =  1) 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

ERROR  CONDITIONS  (T/R  =  0) 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  not  Followed  by  Contiguous  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count, 
Illegal  Mode  Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 


*  =  Status  response  time 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-61553 


16  MHz  Clock 
(Internal) 


STRBD 
SELECT 


IOEN 


READYD 


MEM/REG 


RD/WR 


A02 


A01 


A00 


SSFLAG,  SSBUSY,  SVCRQST  r, 
DBACC,  RTU/BC,  MT,  CTLOUTB/A 

D15-D00  7 


J/}/  DATA  LATCHED 

ilf\         ^^.Configuration  Register  Only— 


[                       DATA  VALID  V. 

) 

WM/. 

td9  » 

Notes: 


1 .  STRBDtolOEN  (low)  delay  is  two  clock  cycles.  If  contention  occurs, 
delay  is  two  clock  cycles  following  release  of  bus  (1.8  us  max). 

2.  CPU  must  release  STRBD  within  1.5  /jls  of  IOEN  going  active. 
READYD  will  go  away  within  one  clock  cycle  max. 


CPU  WRITES  TO  INTERNAL  REGISTER 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNITS 

td1 

READYD  low  delay  (CPU  Handshake) 

150 

ns 

td2 

IOEN  high  delay  (CPU  Handshake) 

20 

ns 

tpwl 

READYD  pulse  width  (CPU  Handshake) 

50 

ns 

td7 

Internal  Register  delay  (write) 

60 

ns 

td8 

Register  Data/ Address  set-up  time 

30 

ns 

tdS 

Register  Data/ Address  hold  time 

0 

ns 

tr 

READYD  to  STRBD  release 

1.37 

MS 

tz 

(SELECT* STRBD)  to  IOEN 

1.8 

MS 

FIGURE  28.  CPU  WRITES  TO  INTERNAL  REGISTER 


ILC  DATA  DEVICE 


BUS-61553 


STRBD 


SELECT 


IOEN 


MEM/REG  ^ 


See  Note  1 

'  ^^- 


D15-D00 


Notes: 


1 .  STRBD  to  IOEN  (low)  delay  is  two  clock  cycles.  If  contention  occurs, 
delay  is  two  clock  cycles  following  release  of  bus  (1.8  max). 

2.  CPU  must  release  STRBD  within  1.5  /js  of  IOEN  going  active. 
READYD  will  go  away  within  one  clock  cycle  max. 


CPU  WRITES  TO  EXTERNAL  REGISTER 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNITS 

td1 

READYD  low  delay  (CPU  Handshake) 

150 

ns 

td2 

IOEN  high  delay  (CPU  Handshake) 

20 

ns 

tpwl 

READYD  pulse  width  (CPU  Handshake) 

50 

ns 

td5 

EXTLD  low  delay 

50 

ns 

td8 

Register  Data/ Address  set-up  time 

30 

ns 

td9 

Register  Data/ Address  hold  time 

0 

ns 

tpw6 

EXTLD  low  pulse  width 

56 

ns 

tr 

READYD  to  STRBD  release 

1.37 

MS 

tz 

(SELECT  •  STRBD)  to  IOEN 

1.8 

MS 

FIGURE  29.  CPU  WRITES  TO  EXTERNAL  REGISTER 


BUS-61553 


mem/reb  '///////////////mm/A  mm T 

rd/wr  W//////////MMm  MM)>  ' 


-»>- 


READYD 


MEMENA-OUT 


-ii- 


MEMENA-IN 


MEMOE 


-»>- 


-»>- 


-t> 


A15-A00 
(INPUT) 

D15-D00 
(OUTPUT) 


-t>- 


RAM  ADDRESS  VALID 


(note  2) 


(note  2) 


-*-t23  (note  3) 


RAM  DATA  VALID 


(note  3) 


CPU  REAOS  FROM  RAM  TIMING  (SHOWN  FOR  INTERNAL  RAM) 


SYMBOL 


tl 

t2 
t3 

u 

ts 
t6 
t6 
t7 
t8 

ts 

tio 
tn 

tl2 
tl3 
tl4 
tl5 

tie 

tl7 
tl8 
tl9 
t20 
t21 
t22 
t23 


DESCRIPTION 


SELECT  ■  STRBD  setup  time  to  falling  edge  of  clock 
SELECT  setup  time  to  STRBD 


STRBD  width 

MEM/REG,  RD/WR  setup  time  to  IOEN 

SELECT  hold  time  following  iO"EN 

SELECT  ■  STRBD  to  IOEN  delay  (without  contention) 

SELECT  ■  STRBD  to  IOEN  delay  (with  contention) 

ITjENto  READYD  delay 


IOEN  to  MEMENA-OUT  delay 


IOEN  low  to  MEMOE  delay 


MEMENA-IN  to  data  low-Z 
MEMOE  to  data  low-Z 


MEMENA-IN  to  output  data  valid 
MEMOE  low  to  output  data  valid 
Address  access  time  to  output  data  valid 


READYD  to  STRBD  release  time 


READYD  pulse  width 

MEM/REG,  RD/WR  hold  time  following  READYD  high 

STRBD  high  delay  to  IOEN  high 

STRBD  high  delay  to  READYD  high  (Note  2) 


STRBD  high  delay  to  MEMOE  high  (Note  2) 
Data  hold  time  after  address  invalid 


MEMENA-IN  high  to  data  tri-state 
MEMOE  high  to  data  tri-state 


MIN 


30 


TYP 


(Note  1) 


(t6  +  t7  +  t|5) 


125 


62.5 


160 
1.80 
150 
40 
70 


55 
30 
55 
1.37 


20 
105 
170 

25 
25 


UNITS 


ns 
ns 
ns 

U.S 

ns 


ns 
ns 
ns 
ns 
ns 

U.S 


ns 
ns 


NOTES: 

1  SELECT  and  STRBD  may  be  tied  together. 
SELECT-STRBD  must  be  sampled  low  for  two 
consecutive  falling  edges  of  the  16  MHz  clock 
when  the  BUS-61553's  protocol/memory 
management  logic  is  not  using  the  data  bus. 
When  this  occurs  IOEN  goes  low,  starting  the 
transfer  cycle.  At  this  time,  SELECT  may  be 
released  high. 


2.  READYD  goes  high  after  the  first  falling  edge 
of  clock  input  (satisfying  ti)  following  STRBD 
going  high.  MEMOE  goes  high  after  STRBD 
is  sampled  high  for  a  second  falling  clock 
edge 

3.  Data  tri-state  occurs  after  t22  or  tz3, 
whichever  occurs  first. 


FIGURE  30. 
CPU  READS  FROM  RAM  TIMING 
(Shown  for  Internal  RAM) 
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STRBD 


(note  1) 


12  (note  i) 


MEM/RE7J  f— 


rd/wr  leiiM  MM , 


1CEN 
READYD 
MEMENA-OUT 
MEMENA-IN 

MEMWR 

ADDRESS 
(INPUT) 

DATA 
(INPUT) 


-th- 


-»»- 


.WMZMMMML 


f//w/////////////////////////////////////m 


*—  t5 

t3  (note  1)- 


-»t9» 


(note  2) 

 121  


-tl7' 


-t20 


W////////////////////////////M, 


-t,9 


-tio- 


-ti3- 


1£ 


•tu- 
tu 

ti2  1  <   I  |  <  >  I  ti5 


CPU  WRITES  TO  RAM  TIMING  (SHOWN  FOR  INTERNAL  RAM) 


SYMBOL 


ti 

t2 

t3 

t4 

t5 

t6 

t6 

t7 

t« 

t9 

t!0 

til 

tta 

tl3 
tl4 

m 

tl6 
tl7 
tl8 
t« 
t20 
t21 


DESCRIPTION 


SELECT  ■  STRBD  setup  time  to  falling  edge  of  clock 
SELECT  setup  time  to  STRBD 
STRBD  width 

MEM/REG,  RD/WR  setup  time  to  IOEN 


SELECT  hold  time  following  IOEN  (Note  1) 
SELECT  -  STRBD  to  TOEN  delay  (without  contention) 


SELECT  •  STRBD  to  IOEN  delay  (with  contention) 


IOEN  to  READYD  delay 


IOEN  to  MEMENA-OUT  delay 
MEMENA-OUT  to  MEMENA-IN  delay 


IOEN  to  MEMWR  delay 

Address  setup  time  to  start  of  MEMWR 

Data  setup  time  to  end  of  MEMWR 


MEMWR  pulse  width 


Address  hold  time  following  MEMWR  high 


Data  hold  time  following  MEMWR  high 


MEMENA-IN  hold  time  following  MEMWR  high 


READYD  pulse  width 

READYD  to  STRBD  release  time 


MEM/REG,  RD/WR  hold  time  following  READYD  high 

STRBD  high  delay  to  IOEN  high 

STRBD  high  delay  to  READYD  high  (Note  2) 


MIN  TYP  MAX 


30 


(Note  1 ) 


(t6  +  t7  +  tie) 
0 
0 

75  160 
1.80 
150 
40 
50 

55  6  5  70 
0 
25 
50 
0 
3 
0 
50 

1.37 


62.5 


70 


2C 
105 


UNITS 


ns 
ns 


U.S 


NOTES: 


1 .  SELECT  and  STRBD  may  Pe  tied  together. 
SELECT-STRBD  must  be  sampled  low  for  two 
consecutive  falling  edges  of  the  16  MHz  clock 
when  the  BUS-61553's  protocol/memory 
management  logic  is  not  using  the  data  bus 
When  this  occurs  IOEN  goes  low  starting  the 
transfer  cycle.  At  this  time,  SELECT  may  be 
released  high. 


2.  READYD  goes  high  after  the  first  falling  clock 
edge  (satisfying  ti)  after  STRBD  goes  high. 


FIGURE  31. 
CPU  WRITES  TO  RAM  TIMING 
(Shown  for  Internal  RAM) 


VII-45 


STRBD  to  IOEN  (low)  delay  is  two  clock  cycles.  It  contention  occurs, 
delay  is  two  clock  cycles  following  release  of  bus. 


CPU  READS  FROM  EXTERNAL  REGISTER 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNITS 

td1 

RE  AD  YD  low  delay  (CPU  Handshake) 

150 

ns 

td2 

IOEN  high  delay  (CPU  Handshake) 

20 

ns 

tpwl 

READ  YD  pulse  width  (CPU  Handshake) 

50 

ns 

td8 

Register  Data/ Address  set-up  time 

30 

ns 

tr 

READYD  to  STRBD  release 

1.37 

MS 

tz 

(SELECT -STRBD)  to  IOEN 

1.8 

us 
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FIGURE  32.  CPU  READS  FROM  EXTERNAL  REGISTER  TIMING 


ILC  DATA  DEVICE 


BUS-61553 


16  MHz  Clock 
(Internal) 


STRBD 
SELECT 

IOEN 
READYD 
MEM/REG 
RD/WR 
A02 
A01 
A00 


SSFLAG ,  SSBUSY  SVCRQST  7, 
DBACC,  RTU/BC,  MT,  CTLIN  B/A 

D15-D00  ^ 


Notes: 


>|  See  Note  1 
 P?- 


-td1- 


See  Note  2 


-td6- 


-td2 


-tpwl  - 


DATA  VALID 

 r=P  


1 .  STRBDtolOEN  (low)  delay  is  two  clock  cycles.  It  contention  occurs, 
delay  is  two  clock  cycles  following  release  of  bus  (1.8  us  max). 

2.  CPU  must  release  STRBD  within  1.5  /js  of  IOEN  going  active. 
READYD  will  go  away  within  one  clock  cycle  max. 


CPU  READS  FROM  INTERNAL  REGISTER 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNITS 

td1 

READYD  low  delay  (CPU  Handshake) 

150 

ns 

td2 

IOEN  high  delay  (CPU  Handshake) 

20 

ns 

tpwl 

READYD  pulse  width  (CPU  Handshake) 

50 

ns 

td6 

Internal  Register  delay  (read) 

60 

ns 

tr 

READYD  to  STRBD  release 

1.37 

MS 

tz 

(SELECT -STRBD)  to  IOEN 

1.8 

FIGURE  33.  CPU  READS  FROM  INTERNAL  REGISTER  TIMING 
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TABLE  7.  BUS-61553  PIN  FUNCTIONS  (78  PIN  DIP) 

PIN 

NAME 

I,h(mA) 

l,L(mA) 

'oh(mA) 

lOL(mA) 

FUNCTION 

1 

D00 

(5) 

-0.4 

-400 

3.6 

Data  Bus  BitO(LSB). 

2 

D02 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  2. 

3 

D04 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  4. 

4 

D06 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  6. 

5 

D08 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  8. 

6 

D10 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  10. 

7 

D12 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  12. 

8 

D14 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  14. 

9 

RTAD1 

(5) 

-0.4 

• 

• 

Remote  Terminal  Address  Bit  1 . 

10 

RTADO 

(5) 

-0.4 

• 

• 

Remote  Terminal  Address  Bit  0  (LSB). 

11 

RTAD4 

(5) 

-0.4 

• 

• 

Remote  Terminal  Address  Bit  4  (MSB). 

12 

ILLCMD 

+  10 

±0.01 

• 

• 

Legal  Command.  Defines  the  received  command  as  illegal. 

13 

SA/MC-0 

• 

• 

-400 

2.0 

Subaddress/Mode  Command  Bit  0.  Multiplexed  output  bit-0  of  subaddress/word 
count  field  of  the  current  command  word.  SA/MC  determined  by  the  state  of  LMC. 

14 

15 

LOGIC  +5V 
SA/MC-1 

• 

• 

• 

-400 

• 

2.0 

+5V  supply  input  for  digital  logic  section.  B6  counter. 

Subaddress/Mode  Command  Bit  1 .  In  MT  mode,  pulses  every  time  32  words  have 
been  stored.  B7  counter. 

16 

BCSTRCV 

• 

• 

-400 

2.0 

Broadcast  Received.  Indicates  current  command  is  a  1 553  Broadcast  Command. 

17 

LMC 

• 

-400 

2.0 

Latched  Mode  Command.  Logic  1  indicates  current  command  word  is  a  mode  code 
ano  selects  Muj-wut.  Logic  u  inuicaies  nun -mooe  uuuiindnu  cuiu  &eici»u>  omu  om. 

18 
19 
20 

-15VB 
GNDB 
TX/RX-B 

• 

* 

• 
• 

• 
• 

• 
• 

- 1 5V  input  power  supply  connection  for  the  B  channel  transceiver. 
Ground  B.  Power  supply  return  connection  for  the  B  channel  transceiver. 
Transmit/Receive  transceiver-B.  Input/output  to  the  coupling  transformer  that 
connects  to  the  B  channel  of  the  1 553  Bus. 

21 
22 

LOGIC  GND 
A01 

* 

(5) 

• 

-0.4 

-400 

• 

3.6 

LogicGround.  Power  supply  return  for  the  digital  logic  section. 
Address  Bit  1 . 

23 

A03 

(5) 

-0.4 

-400 

3.6 

Address  Bit  3. 

24 

A05 

(5) 

-0.4 

-400 

3.6 

Address  Bit  5. 

25 

A07 

(5) 

-0.4 

-400 

3.6 

Address  Bit  7. 

26 

A09 

W/ 

—0  4 

—400 

3  6 

ArlHrpQQ  Rit  Q 

27 

A11 

(5) 

-0.4 

-400 

3.6 

Address  Bit  1 1 . 

28 

A13 

(5) 

-0.4 

-400 

3.6 

Address  Bit  13. 

29 

A15 

(5) 

-0.4 

-400 

3.6 

Address  Bit  15  (MSB). 

30 

MEMOE 

-400 

4.0 

Memory  Output  Enable.  A  Logic  0  used  to  enable  data  output  from  memory  when 
the  1 553  or  CPU  reads  from  memory. 

31 

MEMENA-OUT 

• 

• 

-400 

4.0 

Memory  Enable  Out.  Low  level  output  to  enable  external  RAM.  Used  with  MEMOE 
to  read  data  or  with  MEMWR  to  write  data  into  external  RAM. 

32 

CLOCK  IN 

±20 

±0.02 

Clock  Input.  1 6  MHz  TTL  clock. 

33 

MEM/REG 

(6) 

-0.7 

Memory/Register.  Input  from  CPU  to  select  memory  or  register  data  transfer. 

34 

STRBD 

(6) 

-0.7 

Strobe  Data.  Used  in  conjunction  with  SELECT  to  initiate  a  data  transfer  cycle 
to/from  CPU. 

35 

EXTEN 

-400 

4.0 

External  Enable.  Used  to  load  data  into  external  devices. 

36 

RD/WR 

(6) 

-0.7 

Read/Write.  Input  from  the  CPU  which  defines  the  Data  Bus  transfer  as  a  read 
or  write  operation. 

37 

EXTLD 

-400 

4.0 

External  load.  Used  to  load  data  into  external  devices. 

38 

GNDA 

Ground  A.  Power  supply  return  connection  for  the  A  channel  transceiver. 

39 
40 

-15VA 
TX/RX-A 

- 1 5V  input  power  supply  connection  for  the  A  channel  transceiver. 
Transmit/Receive  transceiver-A.  Input/output  to  the  coupling  transformer  that 
connects  to  the  A  channel  of  the  1 553  Bus. 
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TABLE  7.  BUS-61553  PIN  FUNCTIONS  (78  PIN  DIP)  (Continued) 

PIN 

NAME 

■lH  (MA) 

lIL(mA) 

'oh  (mA) 

lOL(mA) 

FUNCTION 

41 

D01 

(5) 

-0.4 

-400 

3.6 

I/O  Data  Bus  Bit  1 . 

42 

D03 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  3. 

43 

D05 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  5. 

44 

D07 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  7. 

45 

D09 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  9. 

46 

D11 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  1 1 . 

47 

D13 

(5) 

-0.4 

-400 

3.6 

Data  Bus  Bit  13. 

48 

015 

(51 

—0.4 

-400 

3.6 

Data  Bus  Bit  1 5 1 

L-*aia  UUO  l— M 1  1  *J  MV1WLJJ. 

49 

RTAD3 

(5) 

-0.4 

Remote  Terminal  Address  Bit  3. 

50 

RTAD2 

(5) 

—0.4 

Rpmntp  Tprminal  Arirlrp^  Rit  ? 

51 

RTADP 

(5) 

-0.4 

Remote  Terminal  Address  Parity  Input. 

52 

SA/MC-2 

-400 

2.0 

Suhartrirp^/Mnrip  DnmmanH  Rit  9   RR  (M^lRl  mi  inti^r 

uuuauui  COO/  iviuuc  \J\JI  IIIMCII  i\J  Ul  I  £.  .    ljO  \lVl\jOf  UUUI  1  i*o  i  - 

53 

SA/MC-4 

-400 

2.0 

iHaHHrocQ/Mrvta  PnmmanH  Rit  A 

OUUaUUI  COO/  IVIWJC  \-/KJl  Ml  Hal  IU  DPI 

54 

SA/MC-3 

—400 

2.0 

ouuauui  coo/  ivimjc  oui  i  in  lai  iu  on  o. 

55 

THIS-RT 

-400 

2.0 

Logic  0  pulse  indicates  receipt  of  a  valid  command  word  which  contains  the 

Remote  Terminal  address  equivalent  to  the  RTAD0-RTAD4  inputs. 

56 

RTPARERR 

-400 

2.0 

RTU  (address)  Parity  Error.  Logic  0  indicates  RTU  address  parity  (odd  parity: 

RTAD0-RTAD4,  RTADP)  has  been  violated. 

57 

T/R 

• 

• 

-400 

2.0 

Transmit/Receive  1 553  data.  Latched  T/R  bit  from  current  command  word. 

58 

+  5VB 

• 

• 

• 

• 

+ 5 V  power  supply  connection  for  the  B  channel  transceiver. 

59 

TX/RX-B 

. 

• 

Transmit/Receive  transceiver-B.  Inverted  I/O  to  coupling  transformer  that 

connects  to  channel  B  of  the  1 553  Bus. 

60 

A00 

(5) 

-0.4 

-400 

3.6 

Address  Bit  0  (LSB). 

61 

A02 

—0  4 

—400 

3  6 

muuicoo  DH  C 

62 

A04 

IS) 

-0.4 

-400 

3.6 

AridrpQ^  Rit  4 

nuu  i  coo  uii  *t. 

C5 
Oo 

MUD 

(o) 

—  0.4 

—400 

3.6 

Address  two. 

64 

A08 

(5) 

—  0.4 

-400 

3.6 

Address  bit  o. 

65 

A10 

(5) 

-0.4 

-400 

3.6 

Address  Bit  10. 

66 

A1 2 

 n  a 

—Ann 

O.D 

HQQress  on  i  £. 

67 

A14 

(5) 

-0.4 

-400 

3.6 

Address  Bit  14. 

68 

MEMWR 

-400 

4.0 

Memory  Write.  Output  pulse  to  write  data  into  memory. 

69 

MEMENA-IN 

±20 

±0.02 

Memory  Enable  In.  Enables  internal  RAM  only ;  connect  directly  to  MEMENA-OUT. 

70 

INCMD 

-400 

2.0 

In  Command.  Indicates  BC  or  RTU  currently  in  message  transfer  sequence. 

71 

MSTRCLR 

(6) 

-0.7 

Master  Clear.  Power-on  reset  from  CPU. 

72 

INT 

-400 

4.0 

Interrupt.  Interrupt  pulse  line  to  CPU. 

73 

IOEN 

-400 

4.0 

Input/Output  Enable.  Output  to  enable  external  buffers/latches  connecting  the 

hybrid  to  the  address/data  bus. 

74 

SELECT 

(6) 

-0.7 

Select.  Input  from  the  CPU.  When  active,  selects  BUS-61 553  for  operation. 

75 

READYD 

-400 

4.0 

Ready  Data.  When  active  indicates  data  has  been  received  from,  or  is  available  to, 

the  CPU. 

76 

TAGEN 

-400 

4.0 

Tag  Enable.  Enables  an  external  time  to  counter  for  transferring  the  time  tag  word 

into  memory. 

77 

+  5VA 

+ 5V  input  power  supply  connection  for  the  channel  A  transceiver. 

78 

TX/RX-A 

Transmit/Receive  transceiver-A.  Inverted  I/O  to  the  coupling  transformer  that 

connects  to  Channel  A  of  the  1 553  Bus. 

Notes: 

1.  I,H  is  specified  at:  Vcc  =  5.5V,  V,H  =  2.7V. 

2.  llL  is  specified  at:  V«.  =  5.5V,  VIL  =  0.4V. 

3.  lOH  is  specified  at:  Vre  =  4.5V,  V,H  =  2.4V. 

4.  lOL  is  specified  at:  Vcc  =  4.5V,  V,H  =  0.4V. 

5.  Internal  Pull-up  Resistor  =  30K  Ohms,  typ. 

6.  Internal  Pull-up  Resistor  =  16K  Ohms,  typ. 

7.  PIN  1 3  =  B6.  PIN  1 5  =  B7,  and  PIN  52  =  B8(MSB).  B6,  B7,  and  B8  are  the  MSB  lines  of  an  8  BIT  Counter  used  in  the  BC  and  MT  mode 

to  count  32  WORD  TRANSFERS  to  memory  (16  words  received  off  the  bus)  for  a  total  of  1 28  DATA  and  Tag  words  (in  MT  mode).  (See 
page  1 7  for  discussion.) 
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T/R 

76 

A04 

36 

-  15VB 

77 

A03 

37 

+  5VB 

78 

A02 

38 

GNDB 

79 

A01 

39 

TX/RX-B 

80 

A00 

40 

TX/RX-B 

81 

LOGIC  GND 

41 

NC 

82 

NC 

Til  _  H)  050 


Abooooooooooooooooolo 
ooooooooooooooooooo 

1  SI 

PIN  NO'S 
ARE  FOR 
REFERENCE 

/ 

OO 

|  0100T 

—4  ter  &$. 


[38] 

i 


100  TYP  / 
I- —  (2  5]  0  056  DIA  GLASS 

(TOL  NONCUM)  [V4| 

BEAD  1 78  PLACESl 


0  075  TYP 
{1  9) 


f4* 


Note:  Dimensions  are  in  inches  (millimeters) 

FIGURE  34.  MECHANICAL  OUTLINE  (DDIP) 


PIN  1  DENOTED  BY 
CONTRASTING 
COLORED  BEAD 


40  EO  SP 
0  050    ?  000 
iTOL  NON-CUM) 
1127  SOSi 


I  PIN  NUMBERS 
'  Af  '-  FOR 
Lrff  Onlv 


0  '71  iMAXi  t  ,,„_ 
,-,4-u,  0  060 

T  '*  **>  lf-,?Q32) 


Note  Dimensions  are  in  inches  (millimeters) 


FIGURE  35.  MECHANICAL  OUTLINE  (FLATPACK) 


ORDERING  INFORMATION 


BUS-61553-883B 
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Reliability  Grade: 

883B  =    Fully  compliant  with  MIL-STD-883. 
B  =    Screened  to  MIL-STD-883  but 

without  QCI  testing. 
k=    0°  to  70°  C 

•  Power  Supply: 

3  =    - 1 5V  Transceivers 

4  =    - 1 2V  Transceivers 

5  =    ~5V  Transceivers  -  Call  Factory 

6  =    Transceiverless    use  with 

BUS-63102  II  -  Call  Factory 


■  Packaging: 

5=  DDIP 
6  =  Flatpack 


ILC  DATA  DEVICE 


BUS-61555 


MIL-STD-1553  ADVANCED  INTEGRATED 

MUX  (AIM)  HYBRID 

FEATURES 
•  +5  VOLT  ONLY 


PLEASE  REFERENCE  BUS-61553 
DATA  SHEET  FOR  TIMING 
SPECIFICATIONS 


DESCRIPTION 

DDC's  BUS-61555  Advanced  Integrated 
Mux  (AIM)  Hybrid  is  a  complete  MIL- 
STD-1553  Bus  Controller  (BC),  Remote 
Terminal  Unit  (RTU),  and  Bus  Monitor 
(MT)  device  requiring  only  a  +  5  volt 
power  supply.  Packaged  in  a  single  78 
pin  DIP  package,  the  BUS-61555  con- 
tains dual  low-power  transceivers,  com- 
plete BC  RTU/MT  protocol  logic,  a 
MIL-STD-1553-to-host  interface  unit  and 
an  8K  x  16  RAM. 

Using  an  industry  standard  dual 
transceiver  and  standard  status  and  con- 
trol signals,  the  BUS-61555  simplifies 
system  integration  at  both  the  MIL-STD- 
1 553  and  host  processor  interface  levels. 

The  CPU  controls  all  1553  operations  by 


accessing  the  shared  8K  x  16  RAM.  To 
ensure  maximum  design  flexibility, 
memory  control  lines  are  provided  for  at- 
taching external  RAM  to  the  BUS-61555 
Address  and  Data  Buses  and  for  disa- 
bling internal  memory;  the  total  combined 
memory  space  can  be  expanded  to  64K 
x  16.  All  1553  transfers  are  entirely 
memory-mapped;  thus  the  CPU  interface 
requires  minimal  hardware  and/or 
software  support. 

The  BUS-61555  operates  over  the  full 
military  -55°C  to  +  125°C  temperature 
range.  Available  screened  to  MIL-STD- 
883,  the  BUS-61555  is  ideal  for  demand- 
ing military  and  industrial  microprocessor 
to  1553  interface  applications. 


•  VERY  LOW  POWER 

•  COMPLETE  INTEGRATED  MUX 

INCLUDING: 
-LOW  POWER  DUAL 

TRANSCEIVER 
-BCIRTUIMT  PROTOCOL 
-8Kx  16  SHARED  RAM 
-INTERRUPT  LOGIC 

•  COMPATIBLE  WITH  MIL-STD-1750 
AND  OTHER  STANDARD  CPUs 

•  MINIMIZES  CPU  OVERHEAD 

•  PROVIDES  MEMORY  MAPPED 

7553  INTERFACE 

•  ON-LINE  AND  OFF-LINE  SELF- 

TEST 

•  IBM  PC  «  DEVELOPMENT 

TOOLS  AVAILABLE 


TRANSCEIVER  A 


DATA 
BUS  A 


TRANSCEIVER  B 

Note  Tne  Watch-Dog  Time  Out  (768  *iS  tyD  Ms  Bunt  m 


FIGURE  1.  BUS-61555  BLOCK  DIAGRAM 

®IBM  PC  is  a  registered  trademark  of  International  Business  Machines  Corporation 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-61555 


TABLE  1.  BUS-61555  SPECIFICATIONS 

Specifications  at  nominal  power  supply  voltages. 

PARAMETER 

VALUE  NOTES 

Differential  Input  Voltage 

Vp.p 

40  max 

Differential  Input  Impedance 

KOhms 

7min 

CMRR 

dB 

40  min 

TRANSMITTER  (Direct  Coupled)  * 

Differential  Output  Voltage 

Vp.p 

6.0  min,  9.0  max 

Output  Rise  and  Fall  Times 

nsec 

100  min.  300  max 

Output  Offset  Voltage 

mV 

=90  max 

LOGIC 

V,H 

V 

2.2  min 

V|L 

V 

0.8  max 

CLOCK 

MHz 

16 

POWER  SUPPLIES 

+  5V  (Logic) 

V 

+  5±10°/o 

1    CV/A   /^Un_  A\ 

+dva  (onan  A) 

V 

+5±10% 

+5VB  (ChanB) 

V 

+5±10% 

Current  Drain  (Total  Package) 

(Typ)/max 

Idle 

t  /U)/  10U 

25°o  Duly  Cycle 

mA 

I tL\JD)IO  1 U 

50°o  Duty  Cycle 

niA 

(3401/460 

1 00°o  Duly  Cycle 

in  A 

(610K760 

TEMPERATURE  RANGE 

Operating  (Case) 

°C 

-55  to +125 

Storage 

°C 

-65  to +150 

PHYSICAL  CHARACTERISTICS 

Size 

78  pin  DIP 

in 

2.1  x  1.87x0.25 

(mm) 

(53x47.5x6.4) 

82pinFlatpack 

in 

2.19x1.6x1.7 

(mm) 

(55.6  x  40.6  x  4.34) 

Weight 

oz 

1.0 

(g) 

(29) 

*  Given  tor  direct  coupled  output  across  35  ohms 



TABLE  2.  BUS-61555  PIN  OUTS 

PIN 

NAME 

PIN 

NAME 

1 

D00 

40 

TX/RX-A 

2 

D02 

41 

D01 

3 

D04 

42 

D03 

4 

D06 

43 

D05 

5 

D08 

44 

D07 

6 

D10 

45 

D09 

7 

D12 

46 

D11 

8 

D14 

47 

D13 

9 

RTAD1 

48 

D15 

10 

RTAD0 

49 

RTAD3 

11 

RTAD4 

50 

RTAD2 

12 

ILLCMD 

51 

RTADP 

13 

SA/MC-0 

52 

SA/MC-2 

14 

LOGIC  +5V 

53 

SA/MC-4 

15 

SA/MC-1 

54 

SA/MC-3 

16 

BCSTRCV 

55 

THIS-RT 

17 

LMC 

56 

RTPARERR 

18 

NC 

57 

T/R 

19 

GNDB 

58 

+  5VB 

20 

TX/RX-B 

59 

TX'RX-B 

21 

LOGIC  GND 

60 

A00 

22 

A01 

61 

A02 

23 

A03 

62 

A04 

24 

A05 

63 

A06 

25 

A07 

64 

A08 

26 

A09 

65 

A10 

27 

A11 

66 

A12 

28 

A13 

67 

A14 

29 

A15 

68 

MEMWR 

30 

MEMOE 

69 

MEMENA-IN 

31 

MEMENA-OUT 

70 

INCMD 

32 

CLOCK  IN 

71 

MSTRCLR 

33 

MEM/REG 

72 

INT 

34 

STRBD 

73 

IOEN 

35 

EXTEN 

74 

SELECT 

36 

RD/WR 

75 

READYD 

37 

EXTLD 

76 

TAG  EN 

38 

GNDA 

77 

+  5VA 

39 

NC 

78 

TX/RX-A 

ORDERING  INFORMATION 


BUS-61555-883B 


Reliability  Grade: 
883B  =    Fully  compliant  with  MIL-STD-883 
B  =    Screened  to  MIL-STD-883  but 
without  QCI  testing. 
Blank  =    o°  to  70°  C 


ibooooooooooooooooc* 
ooooooooooooooooooo 


PIN  NO'S 
ARE  FOR 
REFERENCE 


/ 

oo 

30C 


5  MAX 


(38) 


100 TYP 
(TOL  NONCUMI 


=4* 


0  056  DiA  GLASS 
(1  'I 

BE  ADI7B  PLACES! 


BOTTOM  VIEW 


0  018  DIA  PIN 
L       (0  51 
[78  PLACES) 


Note  Dimensions  aie  in  inches  (millimeteis). 


B 

VII-52 


FIGURE  2.  MECHANICAL  OUTLINE  (DDIP) 
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FEATURES 


DESCRIPTION 

DDC's  BUS-61559  senes  of  Advanced  In- 
tegrated Mux  Hybrids  with  Enhanced  RT  Fea- 
tures (AIM  HY'ER)  comprise  a  complete 
interface  between  a  microprocessor  and  a  MIL- 
STD-1553B  Notice  2  bus,  implementing  Bus 
Controller  (BC),  Remote  Terminal  (RT),  and 
Monitor  Terminal  (MT)  modes.  Packaged  in  a 
single  78-pin  DIP  or  82-pin  flat  package,  the 
BUS-61559  senes  contains  dual  tow-power 
transceivers  and  encoder/decoders,  complete 
BC/RT/MT  protocol  logic,  memory  manage- 
ment and  interrupt  logic.  8K  X 1 6  of  shared  static 
RAM,  and  a  direct,  buffered  interface  to  a  host 
processor  bus. 

In  addition  to  incorporating  DDC's  latest 
generation  of  low-power  monolithic  transceiver 
chips,  the  BUS-61559  includes  a  number  of 
advanced  features  in  support  of  MIL-STD- 
1553B  Notice  2.  Other  salient  features  of  the 
BUS-61559  serve  to  provide  the  benefits  of 
reduced  board  space  requirements,  enhanced 
software  flexibility,  and  reduced  host  processor 
overhead. 


The  BUS-61559  contains  internal  address 
latches  and  bidirectional  data  buffers  to  provide 
a  direct  interface  to  a  host  processor  bus.  Alter- 
natively, the  buffers  may  be  operated  in  a  fully 
transparent  mode  in  order  to  interface  to  up  to 
64K  words  of  external  shared  RAM  and'or  con- 
nect directly  to  DDC's  component  set  support- 
ing the  20  MHz  STANAG  3910  bus. 

The  memory  management  scheme  for  RT 
mode  provides  an  option  for  separation  of  broad- 
cast data,  in  compliance  with  1 553B  Notice  2. 
A  circular  buffer  option  for  RT  message  data 
blocks  off-toads  the  host  processor  for  bulk  data 
transfer  applications. 

Other  AIM  HY'ER  features  include  an  internal 
Time  Tag  Register,  an  Interrupt  Status  Register, 
and  internal  command  illegalization  for  RT 
mode. 

The  BUS-61 559  series  hybrids  operate  over 
the  full  military  temperature  range  of  -55°C  to 
+  125°C.  Available  screened  to  MIL-STD-883B, 
the  hybnds  are  ideal  for  demanding  military  and 
mdustnal  microprocessor-to- 1 553  applications. 


•  COMPLETE  INTEGRATED 

1553B  NOTICE  2  BC,  RT, 
AND  MT  INTERFACE 

•  FUNCTIONAL  SUPERSET  OF 

BUS-61 553  SERIES 

•  INTERNAL  ADDRESS  AND 

DATA  BUFFERS  FOR 
DIRECT  SHARED  RAM 
INTERFACE  TO 
PROCESSOR  BUS 

•  RT  SUBADDRESS  CIRCULAR 

BUFFERS  TO  SUPPORT 
BULK  DATA  TRANSFERS 

•  OPTIONAL  SEPARATION  OF 

RT  BROADCAST  DATA 

•  INTERNAL  INTERRUPT 

STATUS  AND  TIME  TAG 
REGISTERS 

•  INTERNAL  RT  COMMAND 

ILLEGALIZATION 
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FIGURE  1.  BUS-61559  BLOCK  DIAGRAM 
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BUS-61559  SERIES 


TABLE  1.  BUS-61S59  SERIES  SPECIFICATIONS 

Specifications  at  Nominal  Power  Supply  Voltages 

PARAMETER 

UNITS 

VALUE 

RECEIVER 

Differential  Input  Voltage 

Vp-p 

40  max 

Differential  Input  Impedance 

Kohms 

7  min 

CMRR  (through  BUS-25679  transformer 

at  1.0  MHz) 

db 

50  min 

TRANSMITTER 

Differential  Output  Voltage 

Direct  Coupled 

Vp-p 

6.0  min,  9.0  max 

Transformer  Coupled 

Vp-p 

18  min,  27  max 

Output  Rise  and  Fall  Times 

nsec 

100  min,  300  max 

Output  Offset  Voltaqe(Direct  Coupled) 

mV 

±  90  max 

LOGIC 

VlH 

Volts 

2.2  min 

VlL 

Volts 

0.8  max 

CLOCK 

Frequency 

Nominal  Value 

MHz 

16.0 

Long  Term  Tolerance 

% 

±0.1 

Short  Term  Tolerance,  1  second 

% 

±0.01 

Duty  Cycle 

% 

40  min,  60  max 

POWER  SUPPLIES 

+  5V  (Logic) 

Volts 

+  5  ±0.5 

+  5V  (Transceivers) 

Volts 

+  5  ±0.5 

-15V 

Volts 

-15  ±1.5 

Current  Drain  (Total  Package) 

+  5V  (Idle) 

mA 

85  typ/170  max 

■15V  (Idle) 

mA 

45  typ/80  max 

+  5V  (25%  Duty  Cycle) 

mA 

85  typ/170  max 

•15V  (25%  Duty  Cycle) 

mA 

80tvp/130  max 

THERMAL 

Junction-To-Case  Thermal  Resistance 

(Hottest  Die) 

"C/watt 

6.13 

TEMPERATURE  RANGE 

Operating  (Case) 

"C 

-55  to  +125 

Storage 

°c 

-65  to  +150 

PHYSICAL  CHARACTERISTICS 

Size 

78  pin  DIP 

in 

2.1  x  1.87x0.25 

(mm) 

(53  x  47.5  x  6.4) 

82  pin  Flatpack 

in 

2. 19x  1.60x0.17 

(mm) 

(55.6x40.6x  4.34) 

Weight 

oz 

1.0 

(9) 

(29) 

INTRODUCTION 

DDC's  BUS-61559  series  of  ADVANCED  INTEGRATED  MUX 
(AIM)  HYBRIDS  comprise  complete  MIL-STD-1553B  Notice  2 
Remote  Terminal  (RT),  Bus  Controller  (BC),  and  Bus  Monitor 
(MT)  Terminals.  The  hybrids  meet  all  of  the  requirements  of 
MIL-STD-1553B  Notice  2  and  provide  a  direct  interface  to  a 
BUS-63930  STANAG  3910  high-speed  protocol  unit.  Packaged 
in  a  single  78-pin  DIP  or  82-pin  flat  package,  the  BUS-61559 
series  hybrids  contain  dual  low-power  transceivers  and  en- 
coder/decoders, complete  BC/RT/MT  protocol  logic,  8K  x  16  of 
internal  shared  buffer  RAM,  advanced  memory  management  and 
interrupt  logic,  and  internal  address  and  data  buffers  to  provide 
a  direct  interface  to  a  processor  bus. 


While  maintaining  functional  and  software  compatibility  to  the 
BUS-61553  series  AIM  hybrids,  the  BUS-61559  incorporates  a 
number  of  advanced  features  to  support  1553B  Notice  2  and 
EFA/  STANAG  3838.  Additional  benefits  of  these  features 
include  reduced  board  space  requirements,  enhanced  software 
flexibility,  and  reduced  host  processor  overhead. 

The  BUS-61559  series  hybrids  contain  internal  address 
latches  and  bidirectional  data  buffers  to  provide  a  direct  inter- 
face to  either  a  multiplexed  or  non-multiplexed  processor  bus. 
Alternatively,  the  buffers  may  be  operated  in  a  fully  transparent 
mode  in  order  to  interface  to  the  BUS-63930  chip  and/or  up  to 
64K  x  16  of  external  shared  RAM 

The  memory  management  scheme  for  RT  mode  provides 
expanded  capability  beyond  that  of  the  BUS-61553  series 
hybrids.  In  compliance  with  1 553B  Notice  2  and  EFA/3838,  data 
for  broadcast  messages  may  be  optionally  separated  from 
non-broadcast  received  data.  For  each  subaddress,  either  a 
single-message  block  or  a  variable-sized  (128  to  8192  words) 
circular  buffer  may  be  allocated  for  data  storage.  In  addition  to 
helping  to  ensure  for  data  consistency,  the  circular  buffer  feature 
provides  a  means  of  greatly  reducing  host  processor  overhead 
for  bulk  data  transfer  applications.  End-of-message  interrupts 
may  be  enabled  either  globally,  on  a  Tx/Rx/Bcst  subaddress 
basis,  or  when  any  particular  subaddress  circular  buffer  crosses 
its  lower  boundary  and  rolls  over.  An  interrupt  status  register 
allows  the  host  processor  to  determine  the  cause  of  an  interrupt 
by  means  of  a  single  read  operation. 

The  hybrids  will  include  an  internal  read/writable  time  tag 
register,  providing  programmable  resolution.  In  addition,  op- 
tions are  provided  to  clear  the  Time  Tag  Register  following  a 
Synchronize  (without  data)  mode  command  or  load  the  Time 
Tag  Register  following  a  Synchronize  (with  data)  mode  com- 
mand, in  compliance  with  EFA/3838.  Another  option  to  support 
EFA/3838  is  for  the  Service  Request  Status  Word  bit  to  be 
automatically  cleared  following  response  to  a  Transmit  Vector 
Word  mode  command. 

Additional  signals  are  pinned  out  for  EFA/3838  compliance 
and  to  interface  to  the  BUS-63930  chip:  Tx_INH_A, 

Tx_INH_B,    SSFLAG.      MSG_F£RROR.      CMD  STR, 

flX"DTA_STR,  and  TXDTA  STR. 


DESCRIPTION  OF  ADVANCED  FEATURES 

(BEYOND  BUS-61553) 

NEW  SIGNALS 

Tx_INH_A,  Tx_INH_B  (inputs):  For  EFA/STANAG  3838 
compliance,  the  channel  A  and/or  B  transmitters  may  be  in- 
hibited by  bringing  the  respective  input(s)  to  a  logic  "  1 "  level. 

SSFLAG  (input):  If  this  input  is  asserted  low,  the  Subsystem 
Flag  bit  will  be  set  in  the  BUS-61559's  RT  status  words.  A  low 
on  the  SSFLAG  input  overrides  a  logic  "1"  of  the  respective 
Configuration  Register  bit. 
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TRANSPARENT/BUFFERED  (input):  If  this  input  is  high,  the 
buffers  for  the  address  and  data  buses  operate  in  a  transparent 
mode,  functionally  compatible  to  the  BUS-61553.  This  supports 
an  interface  to  BUS-63930  chip  and/or  external  shared  RAM  If 
this  input  is  low,  the  address  and  data  buffers  provide  isolation 
between  the  processor  data/address  buses  and  the  internal 
memory  data/address  buses. 

MEMOE/ADDR  LAT  (output/input):  In  the  transparent  mode, 

this  pin  provides  a  memory  output  enable  (MEMOE)  signal, 
similar  to  the  same  signal  for  the  BUS-61553.  In  the  buffered 
mode,  this  input  puts  the  address  latch/buffers  for  A15-A0  in  the 
transparent  mode  when  high  or  the  latched  mode  when  low. 

ILLENA  (input):  legalization  Enable.  If  connected  to  logic  1, 
designates  shared  RAM  addresses  0300  -  03FF  to  be  used  for 
command  ^legalization  in  RT  mode. 


The  following  four  signals  are  provided  to  allow  a  direct  interface 
to  BUS-63930  chip: 

MSG  ERROR  (output):  This  output  will  be  asserted  as  a  low 

level  following  a  word  or  format  error  and  remain  low  until  the 
start  of  the  next  message. 

CMD  STR  (output):  In  RT  mode,  this  output  will  pulse  low  for 

nominally  125  nsec  when  a  received  command  word  is  on 
D15-D0. 

RXWDTA  STR  (output):  In  RT  mode,  this  output  will  pulse  low 

for  nominally  1 25  nsec  when  a  data  word  received  from  the  1 553 
bus  is  on  D15-D0. 

TXDTA  STR  (output):  In  RT  mode,  this  output  will  pulse  low 

for  nominally  500  nsec  when  a  data  word  to  be  transmitted  on 
the  1553  bus  is  required  to  be  on  D15-D0. 

BUFFERED  PROCESSOR  INTERFACE 

As  a  means  of  reducing  P  C  board  space  requirements.  16-bit 
address  and  data  buffers  are  incorporated  into  the  BUS-61559 
hybrid. 

As  determined  by  the  strapping  of  the  input  signal 
TRANSPARENT/  BUFFERED,  the  BUS-61559  processor  inter- 
face may  be  configured  for  either  of  two  modes. 

In  the  transparent  mode,  the  memory  control  signals  MEMWR, 
MEMOE,  MEMENA-OUT  and  MEMENA-IN  operate  as  in  the 
BUS-61553.  The  transparent  mode  must  be  used  to  interface  to 
the  BUS-63930  chip  and/or  up  to  64K  words  of  external  shared 
RAM.  Internal  RAM  access  is  determined  by  the  MEMENA-IN 
input  asserted  low.  External  RAM  access  is  specified  by 
MtMfcNA-IN  asserted  high.  In  the  transparent  mode,  the  ad- 
dress buffers  drive  the  CPU  address  onto  the  internal  memory 
address  bus  for  CPU  transfers;  for  1 553  transfers,  the  internal 
memory  address  is  asserted  on  the  external  address  bus.  The 
data  buffers  are  directed  outward  for  the  CPU  reading  internal 
RAM  (or  register),  for  1553  write  accesses,  or  for  1553  read 
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accesses  from  internal  RAM.  The  data  buffers  are  directed 
inward  (toward  the  memory  data  bus)  for  CPU  write  accesses 
to  internal  RAM  or  registers  or  the  1 553  reading  external  RAM. 
The  data  buffers  are  disabled  for  the  CPU  accessing  external 
RAM. 

In  the  buffered  interface  mode,  the  shared  memory  is  limited 
to  the  8K  x  16  of  internal  RAM.  In  this  mode,  the  address  and 
data  buffers  serve  to  isolate  the  external  processor  ad- 
dress/data buses  from  the  internal  memory  address/data 
buses.  The  BUS-61559  supports  a  direct  interface  to  a  multi- 
plexed processor  bus  by  means  of  the  input  signal 

ADDR  LAT.  When  this  signal  is  high,  the  buffers  for  A15-A0 

are  in  transparent  mode.  When  ADDR  LAT  is  low,  the  buffers 

for  A15-A0  are  in  their  latched  mode.  In  the  buffered  mode,  the 
address  buffers  are  directed  inward  for  CPU  accesses  and  are 
disabled  for  1553  accesses.  The  data  buffers  are  directed 
inward  for  CPU  write  transfers,  outward  for  CPU  read  transfers 
and  are  disabled  for  1553  transfers. 


ADDITIONAL  SOFTWARE  CONTROLLABLE  FEA- 
TURES (VIA  CONFIGURATION  REGISTER  BITS) 

The  following  Configuration  Register  bits  are  added,  sup- 
plementing the  bits  of  the  BUS-61553  Configuration  Register. 
All  of  these  bits  initialize  to  logic  zero(0)  following  MSTCLR 
being  brought  low  or  software  reset.  This  results  in  a  mode  of 
operation  compatible  to  the  BUS-61553. 

COMMON/SEPARATE  LOOK-UP  TABLE  FOR  BROADCAST 
MESSAGE  DATA:  If  this  bit  is  low,  the  data  pointers  for  both 
broadcast  and  non-broadcast  receive  messages  are  stored  in 
a  common  area  of  the  RT  look-up  table,  as  in  the  BUS-61553. 
If  this  bit  is  high,  broadcast  data  is  segregated  from  non-broad- 
cast receive  data  by  means  of  the  separate  areas  of  the  RT 
look-up  tables  provided  for  broadcast  messages.  Refer  to  the 
section  of  this  data  sheet  on  Optional  Broadcast  Separation  for 
more  details. 

COMPATIBLE/ENHANCED  RT  MEMORY  MANAGEMENT: 

If  this  bit  is  low,  the  BUS-61559  RT  memory  management  is 
compatible  to  the  BUS-61553,  providing  a  single  data  buffer  for 
all  transmit,  receive  and  (optionally)  broadcast  subaddress.  In 
this  mode, each  data  block  is  repeatedly  overread  or  overwrit- 
ten. If  this  bit  is  set  high,  the  BUS-61 559  RT  memory  manage- 
ment capability  is  expanded  to  allow  for  either  the 
"single-buffer"  mode  or  for  a  variable-sized  circular  buffer  (128 
to  8192)  words)  for  the  individual  transmit,  receive  or  broadcast 
subaddresses.  Refer  to  the  section  of  this  data  sheet  on 
Enhanced  RT  Memory  Management  for  more  details. 

CLEAR  SERVICE  REQUEST:  If  this  bit  is  low,  the  Service 
Request  RT  status  word  bit  is  under  direct  software  control  of 
the  host  processor,  as  in  the  BUS-61553.  If  the  bit  is  high,  the 
Service  Request  bit  may  still  be  set  and  cleared  under  software 
(register)  control.  In  addition,  the  SERVICE  REQUEST  Con- 
figuration Register  bit  will  automatically  clear  (go  to  logic  1) 
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after  the  BUS-61559  RT  has  responded  to  a  Transmit  Vector 
Word  mode  code  command.  That  is,  if  the  Clear  Service  Request 
bit  is  set  to  1  while  SERVICE  HtUUESl  is  set  to  0,  the  RT  will 
respond  with  the  Service  Request  Status  bit  set  for  ali  commands 
until  the  RT  processes  a  Transmit  Vector  Word  command,  with 
the  Service  Request  still  set.  Following  this  message,  SERVICE 
REQUEST  in  the  Configuration  Register  automatically  clears  to 
a  one.  It  stays  high  (cleared)  for  subsequent  messages  until  it  is 
re-asserted  to  a  zero(0)  by  the  host  processor. 

PULSE/LEVEL  INTERRUPT:  If  this  bit  is  low,  the  Interrupt  Re- 
quest output,  INT,  will  be  a  negative  pulse  of  approximately  500 
nsec  width.  If  this  register  bit  is  high,  an  interrupt  will  be  requested 
by  asserting  INT  as  a  low  level.  INT  will  be  reset  high  when  a 
"1"  is  written  to  the  INTERRUPT  RESET  bit  of  the  Start/Reset 
Register.  The  power  turn-on  mode  for  this  bit  is  "0",  enabling  a 
pulse  INT  output. 

CLEAR  TIME  TAG  FOLLOWING  SYNCHRONIZE  (WITHOUT 
DATA):  If  this  bit  is  set,  reception  of  a  Synchronize  (without  data) 
mode  command  will  cause  the  value  of  the  internal  Time  Tag 
Register  to  clear  to  0000. 

LOAD  TIME  TAG  FOLLOWING  SYNCHRONIZE  (WITH  DATA): 

If  this  bit  is  set,  reception  of  a  Synchronize  (with  data)  mode 
command  will  cause  the  data  word  from  the  Synchronize  mes- 
sage to  be  loaded  into  the  internal  Time  Tag  Register. 

CLEAR  INTERRUPT  STATUS  REGISTER:  If  this  bit  is  set,  the 

value  of  the  Interrupt  Status  Register  will  clear  to  0000  after  it 
has  been  read  by  the  host  processor. 


ADDITIONAL  START/RESET  REGISTER  BIT 

INTERRUPT  RESET.  Writing  a  "  1 "  to  this  bit  resets  the  value  of 
the  Interrupt  Status  Register  to  0000.  In  addition,  if  the 
PULSE/LEVEL  Configuration  Register  bit  is  set  to  a  "1 ".  writing 
a  "1"  to  this  bit  clears  the  IRT  output  to  a  high  level 

ADDITIONAL  INTERRUPT  MASK  REGISTER  BITS 

The  following  interrupt  conditions  are  added  to  the  Interrupt  Mask 
Register: 

TIME  TAG  ROLLOVER:  If  set.  enables  an  interrupt  if  the  16-bit 
Time  Tag  Register  rolls  over  from  FFFF  to  0000. 

RT  SUBADDRESS  CONTROL  WORD  EOM:  If  this  bit  is  set  and 

the  BUS-61559  is  in  the  Enhanced  Memory  Management  RT 
mode  and  the  "Interrupt  at  EOM"  bit  is  set  in  the  subaddress 
control  word  for  the  respective  Tx/Rx/Bcst  subaddress,  an  inter- 
rupt will  occur  at  the  end  of  the  current  message. 

RT  SUBADDRESS  CIRCULAR  BUFFER  ROLLOVER:  If  this  bit 
is  set  and  the  BUS-61559  is  in  the  Enhanced  Memory  Manage- 
ment RT  mode  and  the  "Interrupt  at  Rollover"  bit  is  set  in  the 


subaddress  control  word  for  the  respective  Tx/Rx/Bcst  subad- 
dress, an  interrupt  will  occur  at  the  end  of  the  current  message 
if  the  data  look-up  address  pointer  crossed  the  lower  boundary 
of  the  respective  circular  buffer,  resulting  in  a  rollover. 


INTERRUPT  STATUS  REGISTER: 

The  Interrupt  Status  Register  will  allow  the  host  processor  to 
determine  the  cause  of  an  interrupt  request  by  means  of  a  single 
read  operation.  There  are  nine  (9)  bits  in  this  register.  This 
register  will  be  cleared  after  it  has  been  read,  if  the  CLEAR 
INTERRUPT  STATUS  REGISTER  Configuration  Register  bit  is 
set. 

The  nine  bits, of  this  register  are:  MASTER  INTERRUPT,  EOM. 
BC  EOM,  FORMAT  ERROR,  STATUS  SET,  RT  ADDRESS 
PARITY  ERROR.  TIME  TAG  ROLLOVER.  RT  SUBADDRESS 
CONTROL  WORD  EOM.  AND  RT  SUBADDRESS  CIRCULAR 
BUFFER  ROLLOVER 

MASTER  INTERRUPT  is  in  bit  position  15  (MSB).  MASTER 
INTERRUPT  will  be  set  if  any  of  the  other  bits  of  the  Interrupt 
Status  Register  are  set.  The  other  eight  bits  align  with  the 
respective  bit  positions  of  the  Interrupt  Mask  Register. 


OPTIONAL  BROADCAST  SEPARATION  AND  EN- 
HANCED RT  MEMORY  MANAGEMENT 

(Reference  Tables  2.3.  and  Figure  2) 

In  order  to  comply  with  Notice  2  of  MIL-STD- 1 553B  and  the  EFA 
implementation  of  STANAG  3838,  the  BUS-61559  provides 
enhanced  RT  memory  management  capabilities  beyond  those 
of  the  BUS-61553.  These  new  features  allow  broadcast  mes- 
sage data  to  be  separated  from  non-broadcast  receive  data, 
help  lo  ensure  data  consistency  for  transmitted  and  received 
data  blocks  and  serve  to  offload  the  host  processor  for  bulk  data 
transfer  applications. 

As  in  the  BUS-6 1 553,  the  BUS-6 1 559  provides  a  global  double 
buffering  mechanism  by  means  of  bit  13,  CURRENT  AREA  A/B, 
of  the  Configuration  Register.  At  any  point  in  time,  this  allows 
for  one  stack  pointer,  stack  area,  look-up  table  and  set  of  data 
blocks  to  be  designated  as  "active"  (used  for  the  processing  of 
1553  messages)  and  the  alternate  set  of  respective  data  struc- 
tures to  be  designated  as  "non-active"  Both  the  "active"  and 
"non-active"  RAM  areas  are  always  accessible  by  the  host 
processor. 

Referring  to  Table  2,  the  RT  lookup  tables  are  expanded  beyond 
those  of  the  BUS-61553.  In  the  61553,  the  look-up  tables  are 
64  words  each,  containing  the  look-up  table  pointers  for  the  32 
receive  subaddresses  and  the  32  transmit  subaddresses.  For 
the  BUS-61559,  there  are  an  additional  64  words  in  each  of  the 
two  look-up  tables.  Thirty  two  (32)  of  these  words  provide 
optional  separation  of  broadcast  messages.  The  last  32  words 
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are  subaddress  control  words,  one  appropriated  for  each  RT 
subaddress. 


TABLE  2.  RT  LOOK-UP  TABLES 

AREA  A 

AREA  B 

DESCRIPTION 

COMMENT 

0140 

01C0 

Ftx(/Bcst)_SA0 

Receive  (/Broadcast) 

Lookup  Table 

015F 

01DF 

Rx(/Bcst)  SA31 

0160 

01 E0 

Tx_SA0 

Transmit  Lookup  Table 

.017F 

01FF 

Tx  SA31 

0180 

0200 

Bcst_SA0 

Broadcast  Lookup 

Table  (Optional) 

019F 

021 F 

Best  SA31 

01  AO 

0220 

SACW_SA0 

Subaddress  Control 

Word  Lookup  Table 

(Optional) 

01BF 

023F 

SACW  SA31 

Referring  to  Table  3,  in  the  Enhanced  RT  Memory  Management 
mode,  each  of  the  32  subaddress  control  words  specifies  the 
memory  management  and  interrupt  schemes  for  the  respective 
subaddress.  For  each  Subaddress  Control  Word,  five  bits  control 
the  memory  management  scheme  and  interrupts  for  each  of 
transmit.receive  and  (optionally  separated)  broadcast  messages. 

For  each  transmit  (or  receive  or  broadcast)  subaddress,  three  bits 
specify  the  memory  management  scheme.  The  scheme  may  be 
selected  as  "single  buffer"  (as  in  the  BUS-61 553  or  "compatible" 
mode),  or  "circular  buffer".  In  the  single  buffer  mode,  a  single 
data  block  is  repeatedly  overread  (for  transmit  data)  or  overwrit- 
ten (for  receive  or  broadcast  data).  Alternatively,  in  the  circular 
buffer  mode,  data  words  for  successive  messages  to/from  any 
particular  Tx/Rx/Bcst  subaddresses  are  read  from  or  written  to 
the  next  contiguous  block  of  locations  in  the  respective  circular 
buffer.  The  size  of  the  circular  buffer  for  each  transmit,  receive, 
or  broadcast  subaddress  may  be  programmed  as  128,  256,  512, 
1024,  2048,  4096,  or  8192  words.  For  each  Tx/Rx/Bcst  subad- 
dress, two  bits  of  the  subaddress  control  word  are  used  to  enable 
interrupts.  One  of  these  bits  will  result  in  an  interrupt  following 
every  message  directed  to  the  respective  Tx/Rx/Bcst  subad- 
dress. The  other  of  these  two  bits  will  result  in  an  interrupt  at  the 
end  of  a  message  if  the  message  resulted  in  the  look-up  table 
pointer  crossing  the  lower  boundary  of  the  circular  buffer,  rolling 
over  to  the  top  of  the  buffer. 


Table  3a.  SUBADDRESS  CONTROL  WORD 

BtT 

nCCPDIDTIAU 
UtoLKIr  I  (UN 

UUMMtN  1 

15 

NOT  USED 

14 

TRANSMIT 
MESSAGE 
CONTROL 

See  Table  3b. 
5-bit  Tx/Rx/Bcst 
SUBADDRESS 

10 

CONTROL  FIELD 

9 

RECEIVE 

See  Table  3b. 

(/BROADCAST) 

5-bit  Tx/Rx/Bcst 

MESSAGE 

SUBADDRESS 

5 

CONTROL 

CONTROL  FIELD 

4 

BROADCAST 

See  Table  3b. 

MESSAGE 

5-bit  Tx/Rx/Bcst 

CONTROL 

SUBADDRESS 

0 

(OPTIONAL) 

CONTROL  FIELD 

Table  3b. 

5-bit  Tx/Rx/Bcst  SUBADDRESS  CONTROL  FIELD 

COMMENT 

*  INTERRUPT  ON  EOM  (MSB) 

*  INTERRUPT  ON  EOM  FOLLOWING 
CIRCULAR  BUFFER  ROLLOVER 

*  MM2  (MEMORY  MANAGEMENT  2) 

*  MM1  (MEMORY  MANAGEMENT  1) 

*  MM0  (MEMORY  MANAGEMENT  0)  (LSB) 

See  Table  3c. 

MEMORY 
MANAGEMENT 

SCHEME 
FOR 

Tx/Rx/Bcst 

Table  3c. 

MEMORY  MANAGEMENT  SCHEME  FOR  Tx/Rx/Bcst 

MM2 

MM1 

MM0 

DESCRIPTION 

COMMENT 

0 

0 

0 

SINGLE  BUFFER 

0 

0 

1 

128-WORD  -N 

0 

1 

0 

256-WORD 

0 
1 
1 
1 
1 

1 
0 
0 

1 
1 

1 

0 

1 

0 

1 

512-WORD 
1024-WORD 
2048-WORD 
4096-WORD 
8192-WORD  J 

{     CIRCULAR  BUFFER 
'     OF  SPECIFIED  SIZE 
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me  operation  ot  me  circular  buffer  RT  memory  management 
mode  is  illustrated  in  Figure  2.  As  in  the  "compatible"  (BUS- 
61553)  mode,  the  individual  Lookup  Table  entries  are  initially 
loaded  by  the  host  processor.  At  the  start  of  each  message,  the 
lookup  table  entry  is  stored  in  the  third  position  ("RESERVED" 
for  BUS-61553)  of  the  respective  message  block  descriptor  in 
the  stack  area  of  RAM.  Receive  or  transmit  data  is  transferred  to 
(from)  the  circular  buffer,  starting  at  the  location  referenced  by 
the  lookup  table  pointer.  At  the  end  of  a  valid  message,  the 
location  after  the  last  word  accessed  for  the  message  is  stored 
into  the  respective  lookup  table  location  In  this  way.  data  for  the 
next  message  for  the  respective  Tx/Rx/Bcst  subaddress  will  be 
accessed  to/from  the  next  lower  contiguous  block  of  locations  in 
the  circular  buffer.  If  there  is  an  error  in  the  message,  the  lookup 
table  pointer  will  not  be  updated  at  the  end  of  the  message.  This 
allows  failed  messages  in  a  bulk  data  transfer  to  be  retried  without 
intervention  by  the  RT's  host  processor. 

When  the  pointer  reaches  the  lower  boundary  of  the  circular 
buffer  (located  at  128,  256,  .  .  .  8192-word  boundaries  in  the 
shared  RAM  address  space),  the  pointer  moves  to  the  top 
boundary  of  the  circular  buffer,  as  shown  in  Figure  2. 

It  should  be  noted  that  the  pointer  to  the  start  ol  the  RT  message 
block  is  stored  in  the  third  location  of  the  message  block 
descriptor  (in  the  stack)  for  the  "compatible"  (BUS-61 553)  single 
buffer  mode  as  well  as  for  the  circular  buffer  mode. 


INTERNAL  TIME  TAG 

One  of  the  requirements  of  the  EFA  implementation  of 
STANAG  3838  is  to  provide  a  Synchronization"  clock,  or  real 
time  clock.  The  internal  read'writable  Time  Tag  Register  of 
the  BUS-61 559  fulfills  this  requirement. 

The  resolution  of  the  Time  Tag  Register  is  software  program- 
mable. The  choices  for  resolution  are  2,  4,  8,  16,  32,  64,  or 
"EXTERNAL"  lls/LSB.  In  the  "EXTERNAL"  mode,  the  Time 
Tag  Register  is  clocked  from  an  external  oscillator  by  means 
of  the  TAGCLK  input. 

If  the  "CLEAR  TIME  TAG  FOLLOWING  SYNCHRONIZE 
(WITHOUT  DATA)"  and/or  the  "LOAD  TIME  TAG  FOLLOW- 
ING SYNCHRONIZE  WITH  DATA"  Configuration  Register 
bit(s)  are  set,  the  Time  Tag  Register  will  be  cleared  or  loaded 
(from  the  received  data  word)  following  reception  of  the 
respective  mode  code  command. 

If  the  TIME  TAG  ROLLOVER  bit  of  the  Interrupt  Mask  Register 
is  set,  an  interrupt  request  will  be  issued  when  the  Time  Tag 
Register  rolls  over  from  FFFF  to  0000. 


CONFIGURATION 
REGISTER 


LOOK-UP  TABLES 


CURRENT 
AREA  A/8 


A 

LOCK  STATUS  WOR 

TIME  TAG  WORD 

DATA  BLOCK  POINTER 

\ 

DECEIVED  COMMANt 
WORD 

TX/RS/BCST_SA  LOOK-UP  TABLE  ENTRY  IS  UPDATED 
FOLLOWING  VALID  RECEIVE  (BROADCAST)  MESSAGE  OR 
FOLLOWING  COMPLETION  Of  TRANSMIT  MESSAGE. 
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FIGURE  2.  R.T.  MEMORY  MANAGEMENT  -  USING  CIRCULAR  BUFFER 


000 

ILC  DATA  I 


BUS-61559  INTERFACE  TO  BUS-63930  STANAG  3910 
HIGH-SPEED  PROTOCOL  CHIP 

(Reference  Figures  3  and  4) 

Figure  3  illustrates  a  block  diagram  of  a  complete  STANAG  3838 
BC/RT/MT  and  STANAG  3910  remote  terminal.  The  3838 
BC/RT/MT  is  comprised  of  the  DDC  BUS-61559  hybrid  and  the 
two  BUS-25679  transformers.  The  61559  is  configured  in  the 
transparent  mode,  interfacing  to  the  host  processor  by  means  of 
external  data  and  address  buffers. 

The  STANAG  3910  remote  terminal  is  comprised  of  a  BUS- 
63930  high-speed  RT  protocol  chip,  BUS-63920  data  recovery 
unit,  and  BUS-63910  fiber  optic  transceiver.  High-speed  mes- 
sage RAM,  up  to  a  maximum  of  2  Mwords,  interface  to  the 
BUS-63930  through  internally  buffered  address  and  data  buses. 

Figure  4  provides  a  more  detailed  interconnection  drawing, 
interfacing  a  host  processor  to  the  BUS-61559  and  to  the  BUS- 
63930.  The  BUS-63930  operates  by  monitoring  the  data,  ad- 
dress, and  various  control  signals.  The  control  signals  monitored 
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by    the    BUS-63930    are:   CMD_STR,    TXDTA  STR, 

RXDTA_STR,  MSG_ERR0R.  BC5TRCV,  and  MEMENA- 
DDT.  In  addition,-  the  BUS-63930  provides  the  MLNENA-IN 
input  to  the  BUS-61559. 

In  operation,  the  BUS-63930  monitors  for  received  Command 
Words  to  the  high-speed  subaddress  and  for  high-speed  Action 
Words  being  transferred  to  the  low-speed  RAM,  internal  to  the 
BUS-61559.  In  the  transparent  mode,  these  transfers  may  be 
monitored  on  the  BUS-61559's  external  address  and  data 
buses.  The  BUS-63930  performs  all  high-speed  protocol  opera- 
tions, transmitting  and  receiving  messages  over  the  3910  fiber 
optic  bus  (via  the  BUS-63920  and  BUS-63910).  When  the 
BUS-61559  receives  a  transmit  command  to  the  high-speed 
subaddress,  the  BUS-63930  observes  the  command  and 
provides  the  High-Speed  Status  Word,  BIT  Word,  and  the  last 
Action  Word  (and  possibly  up  to  29  additional  data  words)  over 
the  BUS-6 1559  s  data  bus.  When  it  does  this,  it  presents  the 
MEMtNA-IN  input  to  the  BUS-61559  high,  de-selecting  the 
BUS-61559  internal  RAM.  The  BUS-61559  then  responds  over 
the  3838  bus  with  the  data  words  provided  by  the  BUS-63930. 


STANAG  3838 
MIL-STD-1553 
LOW-SPEED 
CHANNEL  (1  Mbp.) 


HIGH-SPEED 

RAM 
2MX  16  MAX 


FIGURE  3.  STANAG  3838/3910  BLOCK  DIAGRAM 
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16  MHz 
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hp/ha 
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SELECT 
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FIGURE  4.  BUS-61559/BUS-63930  INTERCONNECTION  DIAGRAM 
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TABLE  4. 

PIN  ASSIGNMENTS  (DOIP)BUS-61559 

PIN 

NAME 

PIN 

NAME 

1 

DO0 

40 

TX/RX-A 

9 

D02 

41 

001 

•J 
O 

004 

42 

D03 

4 

006 

43 

D05 

5 

D08 

44 

D07 

6 

□10 

45 

D09 

7 

012 

46 

D11 

8 

014 

47 

D13 

9 

RTAD1 

48 

D15 

10 

RTADO 

49 

RTAD3 

1 1 

RTAD4 

50 

RTAD2 

12 

MSG  ERROR 

51 

RTADP 

13 

CMDJ5TR 

52 

RXDTA  STR 

14 

LOGIC  +5V 

53 

TXDTASTR 

15 

TAGCLK 

54 

BRO  ENA 

16 

BCSTRCV 

55 

RTFAIL 

1 7 

ILLENA 

56 

RTFLAG 

18 

-15V  B 

57 

TX  INH  B 

19 

GND  B 

58 

+  5V  B 

20 

TX/RX-B 

59 

TX/RX-B 

21 

LOGIC  GND 

60 

A00 

22 

A01 

61 

A02 

23 

A03 

62 

A04 

24 

A05 

63 

A06 

25 

A07 

64 

AOS 

26 

AOS 

65 

A10 

27 

A11 

66 

A12 

28 

A13 

67 

A14 

29 

A15 

68 

MEMWR 

30 

MEMOE/ADDR  LAT 

69 

MEMENA-IN 

31 

MEMENA-OUT 

70 

INCMD 

32 

CLOCK  IN 

71 

MSTCLR 

33 

MEM/REG 

72 

INT 

34 

STRBD 

73 

iOEN 

35 

TRANSP/BUFF 

74 

SELECT 

36 

RD/WR 

75 

READYD 

37 

SSFLAG 

76 

TX  INH  A 

38 

GND  A 

77 

+  5V  A 

39 

-15V  A 

78 

TR/RX  A 

oboi 
ooo 

n 

PIN  NO'S 
ARE  FOR 
REFERENCE 

/ 

O 

oo 

ooc  _ 

"  H  

— H  I"-—  (2  5) 


Dot* 


0  250  I  -  - 
16  31         1  " 


TYP  / 

0  0S6OIA  GLASS 
ITOL  NONCUMI  n  4) 

BEAD  (78  PLACES) 


ilk 

E 


=4j 


0  018DIA  PIN 

(05) 
(78  PLACES) 


Note:  Dimensions  are  in  inches  (millimeters). 


FIGURE  5.  MECHANICAL  OUTLINE  (DDIP) 
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TABLE  S. 
PIN  ASSIGNMENTS 
FLATPACK  BUS-61 569 


PIN 

NAME 

PIN 

NAME 

1 

NC 

42 

NC 

2 

000 

43 

TX/RX-A 

3 

001 

44 

TX/RX-A 

4 

D02 

45 

-15V(-12V)XCVR 

5 

D03 

46 

+  5VXCVR 

6 

D04 

47 

GND  A 

7 

D05 

48 

TXJNH  A 

8 

006 

49 

SSFLAG 

9 

007 

50 

READYD 

10 

D08 

51 

RD/WR 

11 

D09 

52 

SELECT 

12 

D10 

53 

TRANSP/BUFF 

13 

011 

54 

IOEN 

14 

D12 

55 

STRBD 

15 

D13 

56 

INT 

16 

D14 

57 

MEM/REG 

17 

D15 

58 

MSTCLR 

16 

RTAD1 

59 

CLOCK  IN 

19 

RTAD3 

60 

INCMD 

20 

RTADO 

61 

MEMENA-OUT 

21 

RTAD2 

62 

MEMENA-IN 

22 

RTAD4 

63 

MEMOE/ADDR  LAT 

23 

RTADP 

64 

MEMWR 

24 

MSGERROR 

65 

A15 

25 

RXDTA_STR 

66 

A14 

26 

CMDSTR 

67 

A13 

27 

TXDTASTR 

68 

A12 

28 

LOGIC  +5V 

69 

A11 

29 

BRO  ENA 

70 

A10 

30 

TAGCLK 

71 

A09 

31 

RTFAlL 

72 

A08 

32 

BCSTRCV 

73 

A07 

33 

RTFLAG 

74 

A06 

34 

ILLENA 

75 

A05 

35 

TXJNHB 

76 

A04 

36 

-15V  B 

77 

A03 

37 

+  5VB 

78 

A02 

38 

GND  B 

79 

A01 

39 

TX/RX-B 

80 

A00 

40 

TX/RX-B 

81 

LOGIC  GND 

41 

NC 

82 

NC 

0  400(MIN)(TYPt_ 

(tOt 


PIN  1  DENOTED  BY 
CONTRASTING 
COLORED  BEAD 


40  EQ  SP 
0  050  *  2  000 
TOL  NON-CUM) 
rl  27  «  50  91 


""'US""  t       0  080 

TOP  VIEW 

1 — f 


Note:  Dimensions  are  in  inches  (millimeters). 


FIGURE  6.  MECHANICAL  OUTLINE  (FLATPACK) 
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ORDERING  INFORMATION 

BUS-61559  -  883B 


-  Reliability  Grade: 
883B  =  Fully  compliant  with 

MIL-STD-883 
B  =  Screened  to  MIL-STD-883 

but  without  QCl  testing 
Blank  =  0°  to  70°  C  operation 

Power  Supply  and  Packaging*: 
59  =  +5VM5V  DDIP 
69  =  +5V/-15V  Flatpack 


'  Consult  factory  for  other  voltage  and  packaging  options. 
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TA  DEVICE 


BUS-63100II  SERIES 


MIL-STD-1553  DATA  BUS 
SINGLE  AND  DUAL  TRANSCEIVERS 


BUS-63102  II 


BUS-63105  II 


BUS-63125  II 


DESCRIPTION 

The  BUS-631 00 II  transceivers  are  com- 
plete transmitter  and  receiver  pairs  con- 
forming fully  to  MIL-STD-1553A  and 
1 553B.  Features  available  with  selected 
models  of  this  high  reliability  series  in- 
clude: Smiths  and  Harris  interface  type 
choices,  ±  1 2V/±  1 5V  power  supply  volt- 
age range,  variable  threshold  levels, 
and  single  (24  pin  DDIP  or  square)  and 
completely  independent  dual  redundant 
(36  pin  DDIP)  packaging  configurations. 
All  models  are  also  available  in  f  latpacks. 

The  receiver  section  of  the  BUS-63100  II 
series  accepts  phase-modulated  bipolar 
data  from  a  MIL-STD-1553  Data  Bus 
and  produces  TTL  signal  data  at  its  out- 
puts: RX  Data  Out  and  RX  Data  Out. 
These  outputs  represent  positive  and 
negative  variations  of  the  input  data  sig- 


nals beyond  an  internally  fixed  or  exter- 
nally set  threshold  level.  An  external 
STROBE  input  enables  or  disables  the 
receiver  outputs. 

The  transmitter  section  accepts  bipolar 
TTL  signal  data  at  its  TX  Data  and  TX 
Data  input  lines  and  produces  phase- 
modulated  bipolar  data  at  the  TX  Data 
and  TX  Data  outputs.  The  transmitters' 
output  voltage  level  is  typically  28Vpp 
to  30Vpp.  An  external  input,  INHIBIT, 
takes  priority  over  the  transmitter  inputs 
and  disables  the  transmitter  when  acti- 
vated with  a  logic  "1 ". 

The  small  size  and  different  model  capa- 
bilities available  with  the  BUS-63100  II 
series  simplify  engineering  design,  mak- 
ing it  an  excellent  choice  for  interfacing 
with  any  MIL-STD-1553  system. 


FEATURES 

•  CONFORMS  FULLY  TO 

MIL-STD-  1553A  AND  1553B 

•  SOME  MODELS  AVAILABLE  TO 

MILITARY  (DESC)  DRAWINGS 

•  MODEL  CAPABILITIES: 

SINGLE  OR  DUAL 
REDUNDANT  PACKAGING 

-  12V/-  15V  POWER  SUPPLY 
VOLTAGE  RANGE  AVAILABLE 

HARRIS  OR  SMITHS  I/O 
COMPATIBILITY 

•  SMALL  SIZE: 

SINGLE-24  DDIPOR  SQUARE 
DUAL  -  36  DDIP  FLATPACKS 

•  LOW  POWER 

•  HIGH  RELIABILITY  -  LSI 


ATX 
'1 


:V  +5V 

A  A 


RECEIVER  STROBE  . 


RECEIVER  SECTION 


COMPARATOR 


SHORT  OR 
LONG  STUB 
COUPLING 


BI-PHASE 
TTL  DATA 


1  RX  Data 
 > 


FIGURE  1.  BUS-63100  II  SERIES  BLOCK  DIAGRAM 
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GENERAL 

The  BUS-631 00 1 1  series  offers  complete  transmitter  and  receiver 
pairs  packaged  in  either  single  or  dual  redundant  form  which 
are  designed  for  use  in  any  MIL-STD-1553  application. 

Figure  1  illustrates  a  BUS-631 00  II  series  transceiver  with  con- 
nections to  a  MIL-STD-1553  Data  Bus.  Once  transformer  iso- 
lated, coupling  to  a  MIL-STD-1553  Data  Bus  can  be  either  short 
stub  (direct)  or  long  stub  (transformer).  Figure  2  illustrates  the 
different  configurations  and  lists  the  recommended  DDC  trans- 
former bus  product  for  use  with  each  model. 

TRANSCEIVER  CAPABILITIES 

DDC's  BUS-631 00  II  series  of  transceivers  offer  a  wide  range 
of  capabilities  (on  selected  models)  which  include:  power  supply 
voltage  levels,  packaging  configurations.  Smiths  or  Harris  type 
Encoder/Decoder  direct  compatibility,  and  internal  (pre-set)  and' 
or  external  (adjustable)  threshold  levels.  The  capabilities  of  the 
different  models  are  described  in  the  following  paragraphs  and 
summarized  in  table  1 . 

Power  Supply  Voltages 

Power  supply  voltage  requirements  on  BUS-631 02  II  and  BUS- 
631 04  II  are  met  over  a  range  from  ±12V  to  ±  15V.  All  models 
operate  with  either  -12V  or  -15V  supplies.  All  models  require 
-5V  supply.  See  tablu  I 

Packaging  Configurations 

Single  transceivers,  BUS-631 02  II  and  BUS-631 04  II  are  pack- 
aged in  24  pin  square  packages,  all  other  single  transceivers 
are  packaged  in  24  pin  DDIPs.  Dual  transceivers  are  packaged 
in  36  pin  DDIPs. 

Encoder/Decoder  Compatibility 

BUS-63105II,  BUS-631 07II  BUS-631 25  II,  and  BUS-63127  II  are 
directly  compatible  to  Harris  15530  type  of  Encoder/Decoders. 
All  other  transceivers  are  directly  compatible  to  Smiths  type. 
Transceivers  which  are  directly  compatible  with  one  type  can 
be  converted  for  use  with  the  other  by  simply  switching  the  output 
lines,  RX  Data  and  RX  Data,  and  inverting  their  signals  by 
means  of  external  inverting  gates. 


Waveforms 

All  transceivers  conform  fully  to  MIL-STD-1553  requirements. 
BUS-631 02  II  additionally  conforms  to  MACAIR  standards,  pro- 
ducing sinusoidal  waveforms  at  1  MHz. 

Threshold  Levels 

All  models  offer  internal  (factory  preset)  threshold  levels.  BUS- 
63102  II  and  BUS-63104  II  additionally  offer  externally  set 
threshold  levels.  These  external  threshold  levels  are  adjustable 
from  0V  to  2V.  with  the  use  of  two  external  10K  Ohm  potentio- 
meters (see  figure  5). 
TRANSMIT  OPERATING  MODE 

The  transmitter  section  accepts  encoded  TTL  data  and  converts 
this  data  to  phase-modulated  bipolar  form  by  means  of  a  wave- 
shaping  network  and  driver  circuitry.  These  driver  outputs  are 
coupled  to  a  MIL-STD-1553  Data  Bus  via  a  transformer  which 
is  driven  from  the  TX  Data  Out  and  TX  Data  Out  terminals. 
These  output  terminals  can  be  put  into  a  high  impedance  state 
when  transmitting  by  enabling  INHIBIT  (logic  T),  or  by  placing 
both  inputs  at  the  same  logic  level.  Table  2,  Transmit  Operating 
Mode,  lists  the  functions  for  the  output  data  and  input  data  in 
reference  to  the  state  of  INHIBIT. 

The  transceivers  are  able  to  operate  in  a  "wraparound"  mode. 
This  allows  output  data  to  be  monitored  by  the  receiver  section 
and  returned  to  the  decoder  where  it  can  be  checked  for  errors. 


TABLE  2.  TRANSMIT  OPERATING  MODE 

TX  Data  In 

TX  Data  In 

TX  INHIBIT 

DRIVER  OUTPUT*2' 

X'" 

X 

H 

OFF'31 

0 

0 

X 

OFF 

0 

1 

L 

ON 

1 

0 

L 

ON 

1 

1 

X 

OFF 

Notes: 

(1)  X  =  Don  t  care. 

(2)  DRIVER  OUT  =  TX  Data  Out  and  TX  Data  Out. 

(3)  DRIVER  OUTPUT  terminals  are  in  the  high  impedance  mode  during  OFF  ti 
independent  ot  INHIBIT  status. 
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Specifications  for  all  transceivers  are  listed  in  table  3. 


TABLE  1.  TRANSCEIVER  CAPABILITIES 

±12VDC 
to 

±  1 5VDC 

-  12VDC 

- 15VDC 

24  PIN 
DDIP 

24  PIN 
SQUARE 

36  PIN 
DDIP 

I/O  COMPATIBILITY 

THRESHOLD 

MACAIR 

MIL-STD- 
1553 

FLATPACK 
MODEL  NO. 

SMITHS 

HARRIS 

INT 

EXT 

Single 

BUS-631 02  II 

• 

• 

• 

• 

BUS-631 12  II 

BUS-63104  II 

• 

• 

• 

BUS-631 14  II 

BUS-631 05  II 

• 

• 

• 

BUS-631 06  II 

BUS-631 07  II 

• 

• 

• 

BUS-631 08  II 

BUS-631 15  II 

• 

• 

BUS-631 16 II 

BUS-631 17  II 

• 

• 

BUS-631 18 II 

Dual 

BUS-63125II 

• 

• 

• 

BUS-631 26 II 

BUS-63127  II 

• 

• 

• 

BUS-63128II 

BUS-631 35  II 

• 

• 

BUS-631 36  II 

BUS-63137II 

• 

• 

BUS-631 38 II 
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TRANSCEIVER  NUMBER 

CHANNELS 
POWER  SUPPLIES 

ENCODER/DECODER  INTERFACE  TYPE 
MATCHING  TRANSFORMER  MODEL 

BUS-63102U'11  BUS-63104II 
BUS-63112II  BUS-63114II 

Single  Single 
±12Vtos15V  ±12Vto±15V 
Smiths  Smiths 
BUS-27765  BUS-27765 

BUS-63105llt  BUS-63115II 
BUS-63106II  BUS-63116II 

Single  Single 
-15V  -15V 
Harris  Smiths 
BUS-25679  BUS-25679 

BUS-63107II  BUS-63117II 
BUS-63108II  BUS-63118II 

Single  Single 
-12V  -12V 
Harris  Smiths 
BUS-29854  BUS-29854 

RECEIVER 

Strobe 
Input  Level 

Threshold  Level  (Internal)12"31 
CMRR 

Input  Resistance-Diff 
Input  Capacitance-  Diff 
Output  Fan  Out 

1'LSLoad  * 
40Vpp,  Diff,  max  * 
0.5Vppmin,  LOVppmax  * 
40  db.  min  * 
7KOhm,  min  * 
5pf,  max  * 
10TTL  Loads  • 

1TTL  • 

*  * 
0  56Vpp  min,  1  OVpp  max  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

TRANSMITTER 

TX  Inhibit 
Input  Level 

Output  Level  (Direct  Coupled)'41 

Rise/Fall  Time 
Output  Noise 
Output  Offset  Voltage 

Output  Impedance  -  Non-Transmitting 
Output  Resistance-Diff 
Output  Capacitance-Diff 

1'LSLoad  * 
t'LSLoad  * 
29Vpp,  nom  * 
across  140  Ohm  load  * 
280ns.  typ                       150ns,  typ 
1 0mVpp,  Diff,  max  * 
±90mVpp.  max  across  * 
35  Ohm  load  * 

1 0K  Ohm,  min  * 
5pf,  max  * 

1TTL  * 
1TTL  • 

*  * 

*  * 
125ns,  typ  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 
11 5ns,  typ  * 

*  * 

*  * 

*  * 

*  * 

*  * 

LOGIC 

TTLCMOS  Compatible 
All  Inputs 
All  Outputs 

2 '  LS  Loads,  max  * 
1 0  TTL  Loads,  min  « 

1  TTL  * 
*  * 

*  * 

*  * 

POWER  SUPPLY  REQUIREMENTS 

Non-Transmitting  -  (typ/max) 
Transmitting  -  50%  duty  cycle  (typ/max) 
Transmitting  - 1 00%  duty  cycle  (typ/max) 

+5V±10% 

+  12V  to 
+  15V±5% 

-12V  to 
-15V±5% 

+5V±10% 

-15V ±5% 

+5V±10% 

-12V±5% 

30/45mA 
30/45mA 
30/45mA 

24/30mA 
85/1 14mA 
140'180mA 

51 /65mA 
11 8/ 135mA 
175/ 195mA 

30/45mA 
30/45mA 
30/45mA 

40/60mA 
75/100mA 
150/1 95mA 

30/45mA 
30/45mA 
30/45mA 

40/60mA 
9S/125mA 
190/245mA 

THERMAL 

Operating  Junction  Temperature 

Operating  Case  Temperature 

Storage  Temperature 

Thermal  Impedance- 
Junction  to  Case 
Case  to  Air  (typ) 

-55°Cto+160°C  * 
-55°Cto  +  125°C  * 
-65°Cto+150°C  * 

40°C/W  (Hottest  Die)  * 
21  °C/W  (24  Pin  Square)  * 

*  * 

*  * 

*  * 

7.0°C/W  • 
30°C/W(24PinDDIP)  * 

*  * 

*  * 

*  * 

*  * 

30°C/W(24PinDDIP) 

POWER  DISSIPATION 

Single  Channel 

Non-Transmitting  -  (typ/max) 
Transmitting  -  50%  duty  cycle  (typ/max) 
Transmitting  - 1 00%  duty  cycle  (typ/max) 

12V  Supply 

15V  Supply 

15V  Supply  * 

12V  Supply  * 

1.05/1.37W 
1.86/2.49W 
2.48/3. 28W 

1.28/1. 58W 
2.47/3.24W 
3.43/4.40W 

0.90/1.35W  » 
1.30/2.13W  * 
1.75/2.91  * 

0.78/1.18W  * 
1.20/1.95W  * 
1.69/2.75W 

POWER  DISSIPATION 

Hottest  Die  «5' 

Non-Transmitting  -  (typ/max) 
Transmitting  -  50%  duty  cycle  (typ/max) 
Transmitting  - 1 00%  duty  cycle  (typ/max) 

12V  Supply 

15V  Supply 

15V  Supply  * 

12V  Supply  * 

o.ow 

0.12/0.15W 
0.24/0.29W 

O.OW 
0.15/0.18W 
0.30/0.36W 

0.45/0.68W  • 
0.85/1.45W  * 
1.30/2.23W  * 

0.39/0.59W  * 
0.81/1.36W  * 
1.30/2.16W  * 

MECHANICAL 

Size 

Dimensions 
Size 

Dimensions 
Weight 

24  Pin  Square  * 
1.258"x1.258"x0.175"  * 
24  Pin  Square  Flatpack  « 
1.255"x1.255"x0.160"  * 
0.6  oz  * 

24  Pin  DDIP  * 
1. 400"  x  0.805  "x  0.200"  • 
24  Pin  Flatpack  * 
1.275"x0.775"x0.175"  • 
0.6  oz  * 

*  * 

*  * 

*  * 

*  * 

*  * 
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TABLE  3.  BUS-63100  II  SPECIFICATIONS  -  Continued 

BUS-6312S  lift 

BUS-63135II 

BUS-63127II 

BUS-63137M 

BUS-63126H  ft 

BUS-63136II 

BUS-63128II 

BUS-6313BII 

Dual 

Dual 

Dual 

Dual 

-15V 

-15V 

-12V 

-12V 

Harris 

Smiths 

Harris 

Smiths 

BUS-25679 

BUS-25679 

BUS-29854 

BUS-29854 

1'LS 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

• 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

1  'LS 

* 

* 

* 

1  LS 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

150ns,typ 

* 

* 

# 

* 

* 

* 

* 

• 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

2'LS 

* 

(Total  Hybrid) 

(Total  Hybrid) 

(Total  Hybrid) 

(Total  Hybrid) 

+5V±10% 

-15V±5% 

+5V±10% 

-15V* 5% 

+5V±10% 

-12V -5% 

+5V±10% 

-12V ±5% 

60/90mA 

40/60mA 

60/90mA 

40/60mA 

60/90mA 

40/60mA 

60/90mA 

40/60mA 

60/90mA 

11 5/ 160m  A 

60/90mA 

11 5/ 160mA 

60/90mA 

135/ 185mA 

60/90mA 

135/ 185mA 

60/90mA 

190/255mA 

60/90mA 

190/255mA 

60/90mA 

230/305mA 

60790mA 

230/305mA 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

* 

* 

7.0°C/W 

* 

* 

* 

20°C/W(36PinDDIP) 

• 

* 

* 

(Total  Hybrid. 

(Total  Hybrid. 

(Total  Hybrid. 

(Total  Hybrid, 

One  Channel  Transmitting) 

One  Channel  Transmitting) 

One  Channel  Transmitting) 

One  Channel  Transmitting) 

0.90/1.35W 

0.90/1.35W 

0.78/1.18W 

0.78/1. 18W 

1.30/2.13W 

1.30/2.13W 

1.20/1.95W 

1.20/1.95W 

1  75/2.91 

1. 75/2.91  W 

1.69/2.75W 

1.69/2.75W 

(Each  Channel) 

(Each  Channel) 

(Each  Channel) 

(Each  Channel) 

0.45/0.68W 

0.45/0.68W 

0.39/0.59W 

0.39/0.59W 

0.85/1.45W 

0.85/1.45W 

0.81/1.36W 

0.81/1. 36W 

1.30/2.23W 

1.30/2.23W 

1.30/2.16W 

1.30/2  16W 

36PinDDIP 

* 

* 

1. 895"  XO. 775"  x  0.210" 

* 

* 

* 

36  Pin  Flatpack 

* 

* 

* 

1. 905"  x  0.785"  x  0.1 65" 

* 

* 

* 

0.6  oz 

* 

* 

* 

Notes: 

(1)  On  BUS-63102  II,  filtering  eliminates 
harmonics  above  1  MHz.  Differential 
group  delay  is  ±35ns  (10KHz-2MHz). 

(2)  The  Threshold  Level,  as  referred  to  in 
this  specification,  is  meant  to  be  the 
maximum  peak  to  peak  voltage  (meas- 
ured on  the  Data  Bus)  that  can  be 
applied  to  the  receivers'  input  without 
causing  the  output  to  change  from  the 
OFF  state. 

(3)  On  BUS-63102  II  and  BUS-63104  II,  ex- 
ternal threshold  levels  are  adjustable 
from  0V  to  2V,  with  two  external  10K 
potentiometers.  Connect  one  pot  be- 
tween pin  5  and  GND  and  the  other 
between  pin  12  and  GND. 

(4)  On  BUS-63102  II,  Output  Level  (direct 
coupled)  is  30Vpp. 

(5)  On  BUS-63102  II  and  BUS-63104  II, 
Hottest  Die  are  defined  as  the  driver 
transistors. 

•  Same  as  value  to  the  left. 

t  BUS-63105  II  available  as  Military  (DESCl 

drawing  5962-86049-02ZC 

ttBUS-63125  Hand  BUS-631 26 II available 

as  Military  (DESC)  drawing  5962-87579. 
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iS?o.v».  BUS-63100II  SERIES 


Zo(70n,  NOM) 

SHORT  STUB  DATA 
BUS 


TX 

BUS-63105   

BUS-63115  TX 
BUS-63125II(1) 
BUS-63135II(1)RX|-' 

RX 


(1  4:1)    (DIRECT  COUPLED) 
1  FT  MAX 


I 


55f! 
— vw- 


551! 
— vw- 


28VPP 


39VPP  L  

BUS-25679 

LONG  STUB 
(TRANSFORMER 
OR  (2:1)       COUPLED)  (1:1.4) 


11         7 1 


20  FT  MAX 


1 


52.5f! 


;  i 

BUS-25679 


IE 


52.5S1 


20VPP     I  ' 

BUS-25679 


TX 

BUS-63102II 

TX 

BUS-63104II 

RX 

RX 

OR 

<r- 


<r 


(1:1) 


SHORT STUB 
(DIRECT  COUPLED) 

'       1  FT  MAX 


I  .  30VPP(BUS-63102) 

BUS-27765  28VPP(BUS-63104) 

LONG  STUB 
(TRANSFORMER 
(1:0.7)     COUPLED)  (1:14) 


7~l  20  FT  MAX 


55(1 


311 


-t- 


14 


I  J 

BUS-27765 

21VPP(BUS-63102) 
20VPP(BUS-63104) 


I  J 

BUS-25679 


TX 

BUS-63107  =^ 
BUS-63117  TX 
BUS-63127II(1) 
BUS-63137II(1)RX 
RX 


SHORT  STUB 
(1 :0.83)    (DIRECT  COUPLED) 


r " 
ii 


'A 


1  FT  MAX 


4  I 


33VPP  i  -I 

BUS-29854 


55  tl 

— VvN- 


55n 


28VPP 


OR 


r  ■ 
1 1 


LONG  STUB 
(TRANSFORMER 
(1:0.6)     COUPLED)  (1:1.4) 


7   20  FT  MAX  o 
I  o 


14 


I 


,1 

3  I  52.5!i 
f 


BUS-29854     2°Vpp  Bui-25679 

Notes: 

(1)  One  half  of  dual  transceivers  shown.  Zo(70f .  NOM) 

(2)  Bus  must  be  terminated  with  its  characteristic  impedance  at  both  ends 

(3)  Only  one  connection  can  be  made  from  the  Transceiver  to  the  MIL-STD 
Data  Bus,  either  long  stub  or  short  stub  but  not  both. 


FIGURE  2.  BUS  COUPLING  CONFIGURATIONS 
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BUS-63100II  SERIES 


ILC  DATA  DEVICE 
CORPORATION   

RECEIVER  OPERATING  MODE 

The  receiver  section  accepts  data  tram  a  MIL-STD-1553  Data 
Bus  when  properly  coupled  through  a  transformer  in  either  of 
the  two  possible  configurations  (long  or  short  stub).  This  data 
is  converted  to  bi-phase  TTL  and  made  available  for  decoding 
at  the  RX  Data  and  RX  Data  output  terminals.  Applying  a  logic 
"1"  to  the  STROBE  input  allows  data  to  pass  through  to  the 
receiver  output.  Applying  a  logic  "0"  to  the  STROBE  input,  turns 
the  output  OFF. 

BUS-63102  II.  BUS-63104  II,  BUS-631 15  II,  BUS-63135  II,  BUS- 
63117  II,  and  BUS-631 37  II  receiver  outputs  are  both  at  a  logic 
"1 "  when  they  are  either  strobed  off,  or  no  signal  is  being  received. 
This  makes  these  models  directly  compatible  with  Smiths  type 
of  encoder/decoder.  All  other  models  (BUS-631 05 II,  BUS-631 07 
II,  BUS-631 25 II, and  BUS-631 27 II)  receiver  outputs  are  both  at 


logic  "0"  when  they  are  either  strobed  off,  or  no  signal  is  being 
received.  This  makes  this  type  directly  compatible  with  Harris 
1 5530  type  of  encoder/decoders. 

BUS-631 00  SERIES  WAVEFORMS 

Waveforms  for  BUS-631 00  II  series  transceivers  (BUS-63102 
II,  BUS-63104  II,  BUS-631 15  II,  BUS-631 17  II,  BUS-63135  II, 
and  BUS-631 37  II)  which  are  directly  compatible  to  Smiths  type 
Encoders/Decoders  are  illustrated  in  figure  3.  Waveforms  for 
transceivers  (BUS-63105  II,  BUS-63107  II.  BUS-63125  II,  and 
BUS-631 27  II)  which  are  directly  compatible  with  Harris  type 
Encoder/Decoders  are  illustrated  in  figure  4. 

Data  and  Data  inputs  must  be  complementary  waveforms  of 
50%  duty  cycle.  Care  must  be  taken  that  the  Manchester  bi- 
phase truth  table  is  followed  (see  timing  diagram  below). 


ENCODER 
OUTPUT 


TX  Data  In    X  X  Xf       I  fl  11  fl  I  I  X    X  X 

TxBstim  t~x~~x|  i    i  n  n  n  i  x  x  x 


LINE-TO-LINE 
OUTPUT 


LINE-TO-LINE 
INPUT 


RX  Data  Out 
RX  Data  Out 


Notes: 

(1)  TX  Data  In  and  RX  Data  Out  are  TTL  signals. 

(2)  TX  Data  In  inputs  must  be  at  opposite  logic  levels  during  transmission,  and  at 
the  same  logic  level  when  not  transmitting. 

(3)  LINE-TO-LINE  output  voltage  is  measured  between  TX  Data  Out  and  TX 
Data  Out. 

(4)  LINE-TO-LINE  output  voltage  tor  BUS-63102  II  are  sinusoidal  waveforms  lor 
1  MHz  operating  frequency. 

(5)  LINE-TO-LINE  input  voltage  is  measured  on  the  Data  Bus. 


FIGURE  3.  WAVEFORMS  (SMITHS  DIRECT 
COMPATIBILITY) 


FIGURE 4.  WAVEFORMS  (HARRIS  DIRECT 
COMPATIBILITY) 


ENCODER 
OUTPUT 


TX  Data  In    X  X  Xf       I         fl  fl  l~l  i  I  X  X  X  X 

TXDaum  x  x  xi  i   i  n  n  n  i  x  x  x  x 


LINE-TO-LINE 
OUTPUT 


LINE-TO-LINE 
INPUT 


RX  Data  Out 


RX  Data  Out 


r^JJm- 


nrLruui 


Notes: 

(1)  TX  Data  In  and  RX  Data  Out  are  TTL  signals. 

(2)  TX  Data  In  inputs  must  be  at  opposite  logic  levels  during  transmission,  and  at 
the  same  logic  level  when  not  transmitting. 

(3)  LINE-TO-LINE  output  voltage  is  measured  between  TX  Data  Out  and  TX 
Data  Out 

(4)  LINE-TO-LINE  input  voltage  is  measured  on  the  Data  Bus 
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i-iim  omuahc  ainu  24  KIN  SQUARE  FLATPACK 

TRANSCEIVERS 


BUS-63102II 
BUS-63104II 
BUS-631 12 II 
BU5-63114II 

EXT  Data  Thresh 

EXT  Data  Thresh 

BUS-631 02  II 
BUS-63104II 
BUS-631 12 II 
BUS-631 14 II 

6 

INT  Data  Thresh 

11 

INT  Data  Thresh 

EXTERNAL  THRESHOLD 


INTERNAL  THRESHOLD 


FIGURE  5.  THRESHOLD  CONNECTIONS 


TABLE  4 

BUS-63102  II,  BUS-63104  II 

(24  PIN  SQUARE) 

AND 

BUS-631 12  II,  BUS-631 14  II 

(24 

PIN  SQUARE  FLATPACK) 

PIN  CONNECTIONS 

PIN 

FUNCTION 

1 

TX  Data  Out 

2 

TX  Data  Out 

3 

GND 

4 

+  12Vto  +  15V 

5 

EXT  Data  Thresh 

6 

INT  Data  Thresh 

7 

RX  Data  Out 

6 

Strobe 

9 

GND 

10 

RX  Data  Out 

11 

INT  Data  Thresh 

12 

EXT  Data  Thresh 

23 

+  12Vto  +  15V 

24 

NC 

25 

RX  Data  In 

26 

RX  Data  In 

27 

GND 

26 

GND  (case) 

29 

-12V  to -15V 

30 

+5V 

31 

TX  Inhibit 

32 

TX  Data  In 

33 

TX  Data  In 

34 

-12Vto-15V 

Note: 

For  internal  threshold  levels,  ground  pins  6  and  1 1 . 
For  external  threshold,  connect  two  10K  Ohm  pots 
(one  between  pin  5  and  GND,  and  one  between  pin 
12  and  GND).  (See  figure  5.) 


0  020R 
(0.51) 
4  PLACES 


J  .258  MAX_ 
(31.95) 


0.550 
-(13.9)* 
REF 


1.100_ 

"(27.9) 


OOOOOOOOOOOO 
34  23 


0.100  ±0.002 
-TOLERANCE 
NON-CUMULATIVE 
12 

SOOOOOlOOOOOO 


0.042  DIA 
(1.1) 
TYP 


0.550 
(13.9) 
REF 

_i_ 


1  100 
(27.9) 


0.1 75  MAX 
(4.4) 


0.0185:0.002  DIA 
(0.46±0.-06) 
TYP 


FIGURE  6.  BUS-63102  II  AND  BUS-63104  II 
MECHANICAL  OUTLINE-24  PIN  SQUARE  PACKAGE 


GLASS  BEAD  OF  PIN  1 
IS  CONTRASTING  COLOR 


FIGURE  7.  BUS-63112  II  AND  BUS-63114  II 
MECHANICAL  OUTLINE-24  PIN  SQUARE  FLATPACK 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-63100II  SERIES 


24  PIN  DDIP  AND  24  PIN  FLATPACK  TRANSCEIVERS 


TABLE  5 

BUS-63105  II,  8US-63107II 

BUS-6311S  II,  BUS6S117II 

(24  PIN  DDIP) 

AND 

BUS-63106  II,  BUS63108  II 

BUS-63116  It,  BUS-6311B  II 

(24  PIN  FLATPACK) 

PIN  CONNECTIONS 

PIN 

FUNCTION 

1 

TX  Data  Out 

2 

TX  Data  Out 

3 

GND 

4 

NC 

5 

NC 

6 

NC 

7 

RX  Data  Out 

8 

Strobe 

9 

GND 

10 

RX  Data  Out 

11 

NC 

12 

NC 

13 

NC 

14 

NC 

15 

RX  Data  In 

16 

RX  Data  In 

17 

NC 

18 

GND 

19 

-12V  or -15V 

20 

+5V 

21 

TX  Inhibit 

22 

TX  Data  In 

23 

TX  Data  In 

24 

NC 

1.31  MAX 
~  133  27)  " 


\ 


PIN  NUMBERS 
FOR  REF  ONLY 


0  8  MAX 

(20.32) 


0.600  T 

Li 


TOP  VIEW 

11  PINS  EQUALLY  SPACED 
(30  1  00  =  1  100  TOLERANCE 
NON -CUMULATIVE 
12  54  x  11  =  27  94  t  0  127) 


PIN  NO  1 
ORIENTATION 
MARK 

0.018  ±  0.002  TYP 
(0.457  1  0.051) 


0.40  TYP  0.230  REF 
(1.0161  (5.842) 


FIGURE  8.  BUS-63105II,  BUS-63107II,  BUS-63115H,  AND 
BUS-63117II  MECHANICAL  OUTLINE-24PIN  DDIP 


PIN  1  DENOTED  BY 
CONTRASTING  COLORED  BEAD 


0.775  MAX 
(19.685) 


PIN  NUMBERS 
FOR  REF  ONLY 


1 1  PINS  EQUALLY  SPACED 
<»  0.100=  1.100  TOLERANCE 
NON-CUMULATIVE 


0.010^0.002  (TYP) 
(0.254±0.051) 


FIGURE  9.  BUS-63106II,  BUS-63108II,  BUS-63116II,  AND 
BUS-63118II  MECHANICAL  OUTLINE-24PIN  FLATPACK 
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QGG 

ILC  DATA  OKVICI 
CORPORATION  . 


BUS-63100II  SERIES 


36  PIN  DDIP  AND  36  PIN  FLATPACK  TRANSCEIVERS 


TABLE  6 

BUS-63125  II,  BUS-63127  II, 
BUS-63135  II,  BUS-65137  II 

(36  PIN  DIP) 

AND 

BUS-63126  II,  BUS-63128  II, 

BUS-63136  II,  BUS-63138  II, 

(36  PIN  FLATPACK) 



PIN  CONNECTIONS 

PIN 

FUNCTION 

1 

TV  Data  Out 

2 

TV  l~lata  (~lnt 
1  A  Uald  UUI 

3 

GND 

4 

NC 

5 

□  Y  Rata  Out 
nA  Udld  UUI 

* 

6 

St  robs 

7 

GND 

8 

RX  Data  Out 

* 

9 

GND  (case) 

* 

10 

TX  Data  Out 

** 

11 

TX  Data  Out 

** 

12 

GND 

** 

13 

NC 

14 

RX  Data  Out 

** 

15 

Strobe 

** 

16 

GND 

*» 

17 

RX  Data  Out 

** 

18 

NC 

19 

NC 

20 

RX  Data  In 

** 

21 

RX  Data  In 

** 

22 

GND 

** 

23 

-12V  or  -15V 

** 

24 

+5V 

#* 

25 

Inhibit 

** 

26 

TX  Data  In 

#* 

27 

TX  Data  In 

+* 

28 

NC 

29 

RX  Data  In 

* 

30 

RX  Data  In 

* 

31 

GND 

* 

32 

-12V  or  -15V 

* 

33 

+5V 

* 

34 

Inhibit 

* 

35 

TX  Data  In 

* 

36 

TX  Data  In 

* 

Notes: 

(1)  -12V  for  BUS-63127  II,  BUS-63128  II. 

BUS-63137  II,  and  BUS-63138  II. 

(2)  - 15V  for  BUS-63125  II.  BUS-63126  II, 

BUS-63135  II.  BUS-63136  It. 
•Channel  One 
♦♦Channel  Two 


0.1  ±0.01  J 

1.700  10.005 

I  (2.3*0.25) 

(2,53:0.3)      "1  | 

(43.22:0.13) 

'I  * 

0.775*0.005 
(19.7*0.13) 


DOT 
IDENTIFIES 
PIN1 

0.21  MAX 
(5.3) 

0.01 5  MAX 
(0.39) 

■ 


oooooooooooooooooo 
36  19 

TOP  VIEW 

1  18 
ooooooooooooooooo 


i  r 

1  0.6OO±0.C 


3005 
(15.2*0.13) 

 i  


1.895*0.005 
'(48.1*0.13)  " 


TING  | 


0.086  TYP  (2.2) 
RADIUS 


SEATING 
PLANE 


0.25  MIN 
(6.4) 


0.100  ±0.002 
TOLERANCE 
NON-CUMULATIVE 
-CENTER  TO  CENTER 
AT  SEATING  PLANE 


\ 


0.055(1.4) 
RAD  TYP 


0.018±0.002  DIA 
—  (0  46  ±0.06) 
TYP 


FIGURE  10.  BUS-63125  II,  BUS-63127  II,  BUS-63135  II,  AND 
BUS-63137  II  MECHANICAL  OUTLINE-36  PIN  DDIP 


0.010*0.002 
(0.254  -  0.051) 

\ 


0.165  MAX 
(4.2) 


17  EQUAL  SPACES 
fa  0.100=1. 700TOLERANCE- 
NON-CUMULATIVE 
(2.54  =  4318) 


FIGURE  1 1 .  BUS-631 26 II,  BUS-631 28 II,  BUS-631 36 II,  AND 
BUS-63138  II  MECHANICAL  OUTLINE-36  PIN  FLAT- 
PACK 
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ILC  OATA  DEVICE 
CORPORATION   


BUS-63100II  SERIES 


ORDERING  INFORMATION 


SINGLE  TRANSCEIVERS 


BUS-63105  II-883B 


Reliability  Grade: 

883B  =  Fully  compliant  with  MIL-STD-883. 
B  =  Screened  to  MIL-STD-883  but 
without  QCI  testing 
Blank  =  0"  to  70°C 

-Power  Supply  Voltage  Range/Package 

5  =  -15VDC/DDIP 

6  =  -15VDC/Flatpack 

7  =  -12VDC/DDIP 

8  =  -12VDC/Flatpack 

■  Enc-Dec  Compatibility: 

0  =  Compatible  with  Harris 

Encoder/Decoder 

1  =  Compatible  with  Smiths 

Encoder/Decoder 


BUS-63105  II  available  as  Military  (DESC)  drawing 
5962-86049-02ZC. 

See  figure  2  lor  mating  transformer. 


BUS-63102  II-883B 


Reliability  Grade: 
883B  =  Fully  compliant  with  MIL-STD-883. 
B  =  Screened  to  MIL-STD-883  but 
without  QCI  testing 
Blank  =  o"  to  70"C 

 2  =  Universal  transceiver  (MACAIR  and 

1 553)  ±  1 2V  to  ±  1 5V  power  supply 
range,  compatible  with  Smiths 
Encoder/Decoder. 

4  =  1 553,  ±  1 2V  to  ±  1 5V  power  supply 
range,  compatible  with  Smiths 
Encoder/Decoder. 

-Packaging: 

0  =  24  pin  square 

1  =  24  pin  square  flatpack 


See  figure  2  for  mating  transformer. 


DUAL  TRANSCEIVERS 


BUS-63125  II-883B 

-Reliability  Grade:  (See  note.) 

883B  =  Fully  compliant  with  MIL-STD-883. 
B  =  Screened  to  MIL-STD-883  but 
without  QCI  testing 
Blank  =  0"  to  70UC 

 Power  Supply  Voltage  Range/Package 

5  =  -15VDC/DDIP 
6=  -15VDC/Flatpack 

7  =  -12VDC/DDIP 

8  =  -12VDC/Flatpack 

'  Enc-Dec  Compatibility: 

2  =  Compatible  with  Harris 

Encoder/Decoder 

3  =  Compatible  with  Smiths 

Encoder/Decoder 

BUS-63125  II  and  BUS-63126II  available  as  Military  (DESC)  drawing  5962-87579. 

See  figure  2  tor  mating  transformer. 

Nole:  Available  as  BUS-63125  11-641  (BUS-65612  compatible  Transceiver). 


F 
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+5V  DUAL  TRANSCEIVER 


DESCRIPTION 

The  BUS-63147  transceiver  is  a  com- 
plete transmitter  and  receiver  pair  con- 
forming fully  to  MIL-STD-1553A  and 
1553B.  Features  include:  +5V  power 
supply  voltage,  Harris  interface  type, 
completely  independent  dual  redundant 
operation,  and  small  size  (36  pin  DDIP). 
The  receiver  section  of  the  BUS-63147 
series  accepts  phase-modulated  bipolar 
data  from  a  MIL-STD-1553  Data  Bus 
and  produces  TTL  signal  data  at  its  out- 
puts:  RX  DATA  OUT  and  RX  DATA 
OUT.  These  outputs  represent  positive 
and  negative  variations  of  the  input  data 
signals  beyond  an  internally  fixed  thresh- 
old level.  An  external  STROBE  input  en- 
ables or  disables  the  receiver's  outputs. 


The  transmitter  section  accepts  bi- 
phase TTL  signal  data  at  its  TX  DATA 
and  TX  DATA  inputs  and  produces 
phase-modulated  bipolar  data  at  the  TX 
DATA  and  TX  DATA  outputs.  The  trans- 
mitter's output  voltage  level  is  typically 
30Vpp.  An  external  input,  INHIBIT, 
takes  priority  over  the  transmitter  inputs 
and  disables  the  transmitter  when  acti- 
vated with  a  logic  "1 ". 
The  small  size,  +5V  power  supply  volt- 
age, and  compliance  with  MIL-STD- 
1553  simplify  engineering  design,  mak- 
ing it  an  excellent  choice  for  interfacing 
with  any  MIL-STD-1553  system. 


FEATURES 

•  ONLY  REQUIRES  +5V 

POWER  SUPPLY 

•  SMALL  SIZE -36  PIN  DDIP 

•  LOW  POWER 

•  MIL-STD-883B  SCREENING 

AVAILABLE 

•  DUAL  REDUNDANT  PACKAGING 

•  HARRIS  I/O  COMPATIBILITY 

•  CONFORMS  FULLY  TO 

MIL-STD-1553A  AND  1553B 


PHASE  MODULATED 
BIPOLAR  DATA 


SHORT  OR 
LONG  STUB 
COUPLING 


ISOLATION 
TRANSFORMER 


RX  DATA  IN 


RX  DATA  IN 


TX  DATA  OUT 


TX  DATA  OUT 


£1 


►  5V 


RECEIVER  STROBE 


RECEIVER  SECTION 

COMPARATOR 
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FILTER 
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TRANSMITTER  SECTION 


<H 


SHAPING 
NETWORK 
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NETWORK 
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FIGURE  1.  BUS-63147  BLOCK  DIAGRAM 
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TABLE  1.  BUS-63147  SPECIFICATIONS 

RECEIVER 

Strobe 
Input  Level 
Threshold  Level' 
CMRR 

Input  Resistance-  Diff 
Input  Capacitance  -  Diff 
Output  Fan  Out 

2  LS  Loads 

40Vpp,  Diff,  max 

0.56Vpp  min,  1  OVpp  max 

40  db,  min 

2KU.  min 

5pf,  max 

10LS  Loads 

TRANSMITTER 

TX  DATA  Input 
TX  DATA  Input 
TX  Inhibit 

Output  Level  (Direct  Coupled) 
Rise/Fall  Time  (nsec) 
Output  Noise 
Output  Offset  Voltage 
Output  Impedance 

(Non-Transmitting) 
Output  Resistance  -  Diff 
Output  Capacitance  -  Diff 

2TTL  Loads 
2  TTL  Loads 
1  TTL  Load 

30Vpp.  nom  across  1 4011  load 
1 00  min.  1 50  typ,  300  max 
10mVpp,Diff,  max 
±90mVpp,  max  across  35J I  load 

10Kil,min 
5pf,  max 

POWER  SUPPLY  REQUIREMENTS 

Non-Transmitting  -  (typ/max) 
Transmitting  - 

50%  duty  cycle  (typ/max) 
Transmitting  - 

100%  duty  cycle  (typ/max) 

Each  channel 

+5V-5%+10% 

29/49mA 
164/1 99.5mA 
299. 5/349. 5mA 

GENERAL 

The  BUS-63147  is  a  dual  redundant  transmitter  and  receiver 
packaged  in  a  36  pin  DDIP.  It  is  directly  compatible  to  Harris 
15530  encoder/decoder  and  has  internal  (factory  preset) 
threshold  levels.  Requiring  only  a  +5V  power  supply,  the  BUS- 
63147  is  designed  for  use  in  any  MIL-STD-1553  application. 
Figure  2  illustrates  the  BUS-63147  connected  to  a  MIL-STD- 
1553  Data  Bus.  Once  transformer  isolated,  coupling  to  Data  Bus 
can  be  either  short  stub  (direct)  or  long  stub  (transformer).  The 
recommended  transformer  for  long  stub  and  short  stub  coupling 
is  DDC's  BUS-41429. 


TRANSMIT  OPERATING  MODE 

The  transmitter  section  accepts  encoded  TTL  data  and  converts 
it  to  phase-modulated  bipolar  form  by  means  of  a  waveshaping 
network  and  driver  circuitry.  These  driver  outputs  are  coupled 
to  a  MIL-STD-1553  Data  Bus  via  a  transformer  which  is  driven 
from  the  TX  DATA  OUT  and  TX  DATA  OUT  terminals.  These 
output  terminals  can  be  put  into  a  high  impedance  state  when 
transmitting  by  enabling  INHIBIT,  or  by  placing  both  inputs  at 
the  same  logic  level  following  the  Manchester  II  truth  table.  Table  2, 
Transmit  Operating  Mode,  lists  the  functions  for  the  output  data 
and  input  data  in  reference  to  the  state  of  INHIBIT. 
The  transceivers  are  able  to  operate  in  a  "wraparound"  mode. 
This  allows  output  data  to  be  monitored  by  the  receiver  section 


BUS-63147 


TABLE  1.  BUS-63147  SPECIFICATIONS  (Continued) 

THERMAL 

Operating  Junction  Temperature 
Operating  Case  Temperature 
Storage  Temperature 
Thermal  Impedance - 

Junction  to  Case 

Case  to  Air  (typ) 

-55°Cto+160°C 
-55°Cto+125°C 
-55°Cto  +  160°C 

110°C/W  (Hottest  Die) 
20°C/W 

POWER  DISSIPATION 

Single  Channel 

Non-Transmitting  -  (typ/max) 
Transmitting  - 

50%  duty  cycle  (typ/max) 
Transmitting  - 

1 00%  duty  cycle  (typ/max) 

(Total  Hybrid,  one  channel 
transmitting,  other  at  idle) 

0.29/0.49W 
1.25/1  SOW 
2.49/3. 10W 

POWER  DISSIPATION 

Hottest  Die 

Non-Transmitting  -  (typ/max) 
Transmitting  - 

50%  duty  cycle  (typ/max) 
Transmitting - 

1 00%  duty  cycle  (typ/max) 

(Each  Channel) 

O.OW 

0.13/0.16W 
0.27/0.32W 

MECHANICAL 

Size 

Dimensions 
Weight 

36  Pin  DDIP 

1. 895"  x  0.775"  x  0.210" 

.6oz 

'  The  Threshold  Level,  as  referred  to  in  this  specification,  is  meant 
to  be  the  maximum  peak  to  peak  voltage  (measured  on  the  Data 
Bus)  that  can  be  applied  to  the  receivers'  input  without  causing  the 
output  to  change  from  the  OFF  state. 

and  returned  to  the  decoder  where  it  can  be  checked  for  errors. 
Reference  DDC  Protocol  Monolithics  (BUS-65600  or  BUS- 
65112)  for  more  information. 


RECEIVER  OPERATING  MODE 

The  receiver  section  accepts  data  from  a  MIL-STD-1553  Data 
Bus  when  properly  coupled  in  either  of  the  two  possible  config- 
urations (long  or  short  stub).  This  data  is  converted  to  bi-phase 
TTL  and  made  available  for  decoding  at  the  RX  DATA  and  RX 
DATA  output  terminals.  Applying  a  logic  "1"  to  the  STROBE 
input  allows  data  to  pass  through  to  the  receiver  output.  Applying 
a  logic  "0"  to  the  STROBE  input,  turns  the  receiver  output  OFF. 
The  BUS-63147  receiver  outputs  are  both  at  a  logic  "0"  when 
they  are  either  strobed  off,  or  no  signal  is  being  received.  This 
is  directly  compatible  with  Harris  type  of  encoder/decoder.  Com- 
patibility to  Smiths  type  of  encoder/decoder  can  be  accomplished 
by  swapping  the  RX  DATA  and  RX  DATA  outputs  and  then 
inverting  them  (see  figure  3). 


BUS-63147  WAVEFORMS 

Figure  4  illustrates  the  waveforms  for  the  BUS-63147  with  Harris 
type  encoder/decoders.  Note  that  DATA  and  DATA  inputs  must 
be  complementary  waveforms  of  50%  duty  cycle.  Care  must  be 
taken  that  the  Manchester  bi-phase  truth  table  is  followed  if  other 
encoder/decoders  are  used. 
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52.50 
— — 


52.50 
— — 


Notes: 

(1)  Value  of  isolation  resistors  is  52.511  (.7520). 

(2)  One  half  of  dual  transceiver  shown. 

(3)  Bus  must  be  terminated  with  its  characteristic  impedance  at  both  ends. 


Z„(70n,  NOM) 


FIGURE  2.  BUS-63147  CONNECTIONS  TO  DATA  BUS 


TABLE  2.  TRANSMIT  OPERATING  MODE 

TX  DATA  IN 

TX  DATA  IN 

TX  INHIBIT 

DRIVER  OUTPUT*2' 

X'" 

X 

H 

OFF'31 

0 

0 

X 

OFF 

0 

1 

L 

ON 

1 

0 

L 

ON 

1 

1 

X 

OFF 

Notes: 

(1)  X  -  Don't  care. 

(2)  DRIVER  OUT  =  TX  DATA  OUT  and  TX  DATA  OUT 

(3)  DRIVER  OUTPUT  terminals  are  in  the  high  impedance  mode  during  OFF  time, 
independent  of  INHIBIT  status. 


BUS-63147 
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RX  DATA  OUT 


RX  DATA  OUT 


\S  DATA 
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FIGURE  3.  SMITHS  ENCODER/DECODER  COMPATIBILITY 


ENCODER 


Jtx  data  in  x  x  xt  i   n  n  n  1 1  x  x  x  x 


0UTPUT  \txdatain7Tx1 


innnixxxx 


LINE-TO-LINE 
OUTPUT 


LINE-TO-LINE 
INPUT 


r\jm — 


RX  DATA  OUT  - 
RX  DATA  OUT  - 


Notes: 

(1 )  TX  DATA  IN  and  RX  DATA  OUT  are  TTL  signals. 

(2)  TX  DATA  IN  inputs  must  be  at  opposite  logic  levels  during 
transmission,  and  at  the  same  logic  level  when  not  transmitting. 

(3)  LINE-TO-LINE  output  voltage  is  measured  between  TX  DATA  OUT 
AND  TX  DATA  OUT. 

(4)  LINE-TO-LINE  input  voltage  is  measured  on  the  Data  Bus. 


FIGURE  4.  BUS-63147  WAVEFORMS 
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TABLE  3.  BUS-63147  PIN  FUNCTIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

TX  DATA  OUT 

* 

19 

NC 

2 

TX  DATA  OUT 

* 

20 

RX  DATA  IN 

** 

3 

GND 

* 

21 

RX  DATA  IN 

** 

4 

NC 

* 

22 

GND 

** 

5 

RX  DATA  OUT 

* 

23 

NC 

** 

6 

STROBE 

* 

24 

+  5V 

** 

7 

GND 

* 

25 

INHIBIT 

** 

8 

RX  DATA  OUT 

* 

26 

TX  DATA  IN 

** 

9 

GND  (CASE) 

* 

27 

TX  DATA  IN 

** 

10 

TX  DATA  OUT 

** 

28 

NC 

11 

TX  DATA  OUT 

** 

29 

RX  DATA  IN 

* 

12 

GND 

** 

30 

RX  DATA  IN 

* 

13 

NC 

31 

GND 

* 

14 

RX  DATA  OUT 

** 

32 

NC 

15 

STROBE 

** 

33 

+5V 

* 

16 

GND 

** 

34 

INHIBIT 

* 

17 

RX  DATA  OUT 

** 

35 

TX  DATA  IN 

18 

NC 

36 

TX  DATA  IN 

* 

•Channel  One 
•  •Channel  Two 


ORDERING  INFORMATION 

BUS-63147  -  883B 


0  15:0.01   J 

(2.5±0.3)  ~ 

T 


1  700  l0.005_ 
<43  2  ±0.13) 


0.095:0.01 
5:0.25) 


J  (2  35:1 


0.7755:0.005 
(19.75:0.13) 


DOT 
IDENTIFIES 
PIN1 

0.21  MAX 
(5.3) 

0  01 5  MAX 

(0.39) 

* 


7* 


00000000  oooooooooo 
36  19 

TOP  VIEW 

1  18 
ooooooooooooooooo 


t  t 

1  0.6005:0  005 
(15.2±0.13) 

 i  


1  8955:0.005 
"(48.150.13)- 


SIDE  VIEW 


0.086  TYP  (2.2) 
RADIUS 


TING  | 


SEATING 
PLANE 


0  25MIN 

(6.4) 


0.100  ±0.002 
TOLERANCE 
NON-CUMULATIVE 
-CENTER  TO  CENTER 
AT  SEATING  PLANE 


0.055(1  4) 
RAD  TYP 


„  0.018(2.1) 

DIAMTYP 


Dimensions  in  inches  (millimeters). 


FIGURE  5.  BUS-63147  MECHANICAL  OUTLINE 


1  Reliability  Grade. 

883B  =  Fully  compliant  with 

MIL-STD-883 
B  s  Screened  to  MIL-STD-883 

but  without  QCI  testing 
Blank  =  0°  to  70°  C  operation 

1  Decoder  Compatibility: 

7  =  Standard  Decoder 

8  =  DDC  Bus-65612  PGA 

Matching  transformer  BUS-41429. 
SMD  Listing:  DESO  5962-89522-01 XC 
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DESCRIPTION 

The  DDC  BUS-64100II  is  a  terminal  Bit 
Processor,  which  consists  of  a  Man- 
chester II  Converter  and  a  DDC 
advanced  custom  LSI  monolithic  chip. 
Packaged  in  a  single  hybrid  it  has 
improved  reliability  and  low  power 
dissipation.  It  is  capable  of  interfacing 
MIL-STD-1553  transceiver,  such  as 
DDC's  Monolithic  BUS-63115  to  an 
associated  subsystem's  parallel  or  serial 
interface.  Its  1  MHz  data  rate  makes  it 
compatible  with  transceivers  that 
process  either  McDonnell  Douglas 
MACAIR  sinusoidal  or  trapezoidal 
waveforms.  The  BUS-64100II  can  be 
used  as  a  common  interface  for  remote 
terminals,  bus  monitors  or  bus  con- 
trollers. 

This  unit  functions  as  a  decoder  per 
MIL-STD-1553  by  transferring  all 
command,  status  and  data  words  to 
the  subsystem,  together  with  error 
information,  BIT  status  and  necessary 


handshake  signals.  It  flags  Address 
Recognition,  Broadcast  and  Mode 
Code  decoding  terminal  fail  safe  signal 

and  contains  a  built-in  Self-test  Circuit. 


The  subsystem  can  control  the  trans- 
mission of  data  through  positive  hand- 
shaking of  the  logic  control  lines 
provided.  The  unit  accepts  parallel 
or  serial  data  then  transmits  the 
Command,  Status  or  Data  words  as 
directed  by  the  subsystem.  By 
virtue  of  its  extensive  input/output 
logic  configuration  the  BUS-64100II 
will  provide  interfacing  for  BUS 
Controllers. 

The  BUS-64100II  meets  the  full  specifi- 
cations of  MIL-STD-1553  A  &  B  and 
those  of  MACAIR  A5690,  A3818, 
A4905  and  A5232.  The  hybrid  operates 
over  the  temperature  range  of  -55°C  to 
+  125°C.  Military  Processing  is  available 
(Contact  Factory). 


FEATURES 


•  16  BIT  OR  8  BIT  BYTE  PARALLEL 
OR  SERIAL  I/O 


PERFORMS  MIL-STD- 1553 
FUNCTIONS: 
BROADCAST 
MODE  CODE 
OWN  ADDRESS 
TIME  OUT 


ON/ OFF  LINE  SELF-  TEST 


•  DUAL  RANK  REGISTERS 


LOW  POWER  LSI  DESIGN 


OUT  SVNC  ENC 
INH  SEL  ENA 

I       i  I 


TO  1        DATA  2        DATA  1  DAT> 

U  J_l 


*  REGISTER 


TTTT 


-0- 


DEC  MRST 


.  SERIAL  DATA  IN 

■  BROADCAST 
.  MODE  CODE 

■  VALID  WORD 

■  FAILSAFE 

.  COHM  DATA SVNC 

.  RTEMA 

.  SERIAL  DATA  OUT 


A 
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FIGURE  1.BUS-64100II BLOCK  DIAGRAM 


ILC  DATA  DEVICE 
CORPORATION   


BUS-65101II  and  BUS-65102II 

MIL-STD-1553  DUMB  RTU  HYBRID 


DESCRIPTION 

The  BUS-65101II  MIL-STD-1553 
Dumb  Remote  Terminal  Unit  (RTU) 
consists  of  a  transceiver,  and  en- 
coder/decoder, control  logic,  dual 
rank  I/O  registers  and  internal  clock 
oscillator  packaged  in  a  1.6"  x  1.9" 
hermetic  hybrid.  It  provides  all  the 
functions  required  to  interface  be- 
tween a  MIL-STD-1553  serial  MUX 
data  bus  and  a  subsystem  parallel  3- 
state  data  highway.  Utilizing  several 
DDC  custom  monolithic  ICs,  the 
BUS-65101II  provides  sufficient  hand- 
shaking, control  and  data  lines  to 
permit  versatile  operation  as  a  re- 
mote terminal,  a  bus  controller  or  a 
bus  monitor,  in  either  single  or  dual 
redundant  data  bus  configurations. 
As  a  transmitter,  the  BUS-65101II  ac- 
cepts 8  bit  or  1 6  bit  parallel  data  from 
the  subsystem,  and  outputs  serial 
Manchester  II  coded  Command, 
Status  or  Data  words,  under  subsys- 


tem control.  As  a  receiver,  it  accepts 
serial  MIL-STD-1553  transmissions 
and  transfers  all  Command,  Status 
and  Data  words  to  the  8  bit  or  16  bit 
data  highway,  under  subsystem 
control.  The  BUS-65101II  also  pro- 
vides flags  to  the  subsystem  when 
Broadcast,  Mode  Code,  and  Own  Ad- 
dress (with  parity)  commands  are 
decoded. 

The  BUS-65101II  contains  a  terminal 
fail-safe  timeout  circuit  which  flags 
message  lengths  exceeding  768 
microseconds,  and  terminates  serial 
data  transmission.  Wraparound  self- 
test  is  initiated  by  a  control  line 
which  causes  the  encoder  serial  out- 
put to  be  connected  to  the  decoder 
input.  The  BUS-65101II  provides  a  se- 
rial output  of  decoded  words,  thus 
allowing  Command  Word  look- 
ahead,  for  the  fastest  terminal  re- 
sponse. 


FEATURES 

•  INCLUDES: 
TRANSCEIVER 
ENCODER/DECODER 
DUAL  RANK  I/O  REGISTERS 
FAIL-SAFE  TIMER 
CLOCK  OSCILLATOR 

•  SMALL  1.6  "  x  1.9  "  HYBRID 

•  PROVIDES  FLAGS  FOR: 

OWN  ADDRESS  (WITH  PARITY) 

MODE  CODE 

BROADCAST 

TIME  OUT 

VALID  WORD 

SYNC  TYPE 

•  16  BIT  OR  8  BIT 3-STATE 
PARALLEL  I/O  AND  SERIAL  OUT 

•  WRAPAROUND  BUILT-IN  TEST 

•  SIMPLE  CONTROLS  FOR  SINGLE 

OR  DUAL  REDUNDANT  DATA 
BUS  CONFIGURATIONS 


Jj— '   REGISTER    %ZZ    REGISTER    ty/////MLfy  DMA  j      MUSB )  } 
 I   1  y 


SERIAL  DATA  0L'T 


^^)~*  "EGISTER    ZiJ/1  REGISTER 


BDCST  inhibit 
-BROADCAST 


-  MODE  CODE 


-  VALID  WORD 
-VAiCMDWD 

-  f All  SAFE 

-  COMM  DATASVNC 

-  RT ENABLE 

-  PARITY 

-  bTtstatus 

■  serial  oat  a  out 


FIGURE  1.  BUS-65101II  BLOCK  DIAGRAM 
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BUS-65101II  and  BUS-65102II 


BUS-65101 

OR 
BUS-65102 


TX  DATA  OUT 
RX  DATA  IN 


TX  DATA  OUT 
RX  DATA  IN 


z0=7on 


DIRECT  COUPLED 


1.2:1"(BUS-65101) 
1.41:1'|BUS-65102) 


51 


67 

2  4 

1  H 

68 

3  ^ 

49 

1 

2  ^ 

1  1 

3  -5 

•BUS-25679 
••BUS-29854 


DATA  BUS 


1.67:1"(BUS-65101 
2:1'(BUS-65102) 

TRANSFORMER  COUPLED 
FIGURE  6.  TYPICAL  TRANSFORMER  CONNECTIONS 
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MECHANICAL  OUTLINE 
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(1.271 


PIN  NO.  1  (COLOR  BEAD) 
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.100  (REFI 
(2.54)  — 
.095  (REF)  — « 
(2.411 


.100 
(2.54) 


0  c 

o 

I 

o 

V 


-1.200  130.481  ■ 
-1.400  (35.56)- 
-1.590(40.38)  ■ 


1.860 
146.9) 


1.650 
41.9 


.086R  (4  PL) 
12.181 


21  IMAXII5.33) 


.180 
14.57) 


_JL_  .018  DIA. 

(0.451 
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Note:  Dimensions  in  inches  (millimeters) 


ORDERING  INFORMATION 

BUS-65101II-883B 

-Reliability  Grade: 

883B  =  Fully  compliant  with 
MIL-STD-  883. 

B  =  Screened  to  MIL-STD -883 
but  without  QCI  testing. 

Blank  =  0°to70(>C 

Power  Supply  Option: 
1=  -12VDC 
2=  -15VDC 

Note: 

Use  BUS-29854  transformer  with  BUS-65101II 

(direct -coupled). 
Use  BUS-25679  transformer  with  BUS-65102II 

(direct-coupled). 

Order  BUS-65201  For  MCAIR  Applications 
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BUS-65112  AND  BUS-65117 


MIL-STD-1553  DUAL  REDUNDANT 
REMOTE  TERMINAL  HYBRID 


BUS-65112  DDIP 


BUS-65117  FLATPACK 


DESCRIPTION 

The  BUS-65112  is  a  complete  dual 
redundant  MIL-STD-1553  Remote 
Terminal  Unit  (RTU)  packaged  in  a 
small  1.9"  x  2.1"  hybrid.  Based  upon 
DDC  custom  ICs,  it  includes  2  trans- 
ceivers, 2  encoder/decoders,  2  bit 
processors,  RTU  protocol,  data  buf- 
fers, and  timing  control  logic.  It  sup- 
ports all  13  mode  codes  for  dual  re- 
dundant operation,  any  combination 
of  which  can  be  illegalized. 
Parallel  data  transfers  are  accom- 
plished with  a  DMA  type  handshak- 
ing, compatible  with  most  CPU 
types.  Data  transfers  to/from  mem- 
ory are  simplified  by  the  latched 
command  word  and  word  count  out- 


puts. Error  detection  and  recovery 
are  enhanced  by  BUS-65112  special 
features.  A  14  bit  built-in-test  word 
register  stores  RTU  information,  and 
sends  it  to  the  Bus  Controller  in  re- 
sponse to  the  Mode  Command 
Transmit  Bit  Word.  The  BUS-65112 
performs  continuous  on-line  wrap- 
around self-test,  and  provides  4 
error  flags  to  the  host  CPU.  Inputs 
are  provided  for  host  CPU  control  of 
6  bits  of  the  RTU  Status  Word. 
Its  small  hermetic  package,  -55°C 
to  +125°C  operating  temperature 
range,  and  complete  RTU  operation 
make  the  BUS-65112  ideal  for  most 
MIL-STD-1553  applications. 


FEATURES 

•  SMALL  SIZE  &  LOW  POWER 

•  COMPLETE  RTU  PROTOCOL 

•  SUPPORTS  13  MODE  CODES: 

ANY  COMBINATIONS  CAN  BE 
ILLEGALIZED 

•  TRANSFERS  DATA  WITH 

DMA  TYPE  HANDSHAKING 

•  LATCHED  OUTPUTS  FOR 

COMMAND  WORD  AND 
WORD  COUNT 

•  14  BIT  BUILT-IN-TEST 

WORD  REGISTER 

•  4  ERROR  FLAG  OUTPUTS 

•  CONTINUOUS  ONLINE 

SELF-TEST 

•  PLUG-IN  &  FLATPACK 

PACKAGING 


TRANSCEIVER 


DATA 
BUSB  ' 


TRANSCEIVER 

ENCODER. 
DECODER 

BIT 

PROCESSOR 

FIGURE  1.  BUS-65112  BLOCK  DIAGRAM 
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PARAMETER 

UNITS 

VALUE 

RECEIVER 

Differential  Input  Impedance 

(DC  to  1  MHz) 

Kfl 

4  min 

Differential  Input  Voltage 

v„.p 

40  max 

Input  Threshold  (Direct  Coupled) 

1  typ 

LrlVInn  I  LIU  lO  ZMMZJ 

dB 

*+  U  Mini 

UlVIV  {LFl>  lO  ZMnZJ 

y 

TRANSMITTER 

Differential  Output  Voltage 

Direct  Coupled  (  Across  1450  Load) 

w 

vpp 

30  typ 

Transformer  Coupled  (at  Stub) 

21  typ 

Output  Rise  and  Fall  Times 

ns 

130  typ 

Output  Noise 

mVp 

1 0  max 

LOGIC 

V.L, 

•  IH 

V 

2.4  min 

vIL 

V 

0.7  max 

li„(Note1)(V|H=2.7V) 

mA 

-0.7  max 

liH(Note2)(V|„a2.4V) 

mA 

±20  max 

liL(Note1)(V|L=0.4V) 

mA 

-1.6  max 

l,L(Note2)  (V,Ls0.7V) 

mA 

±20  max 

V0„  (Note  3)  (lOH=0.3  mA) 

V 

2.4  min 

V0„(Note4)(lOH  =  3mA) 

V 

2.4  min 

VoHlNote  6)(loH=-3mA) 

V 

2.4  min 

V0L  (Note  3)  (l0l  =  -  1.6  mA) 

V 

0.4  max 

V«.  (Note  5HU  =— 4mA) 

v 

0.4  max 

V0L  (Note  6)  (l0L  =  -  6  mA) 

V 

0.4  max 

C,  (f=1  MHz) 

pF 

50  typ 

do  (Note  6)  (f = 1  MHz) 

pF 

50  typ 

POWER  SUPPLIES 

+5VDC 

Tolpranfp  max 

% 

±10 

("".iirrpnt  rirain  may 

mA 

160 

4-15  VDC 

Tolerance,  max 

% 

±5 

Current  Drain,  max 

Idle,  max 

mA 

80 

50%  Transmit,  max 

mA 

180 

100%  Transmit,  max 

mA 

280 

-15VDC 

Tolerance,  max 

% 

±5 

Current  Drain 

Idle,  max 

mA 

60 

50%  Transmit,  max 

mA 

60 

100%  Transmit,  max 

mA 

60 

TEMPERATURE  RANGE 

Operating  (Case) 

•c 

—55  to  +125 

Storage 

°c 

—65  to  +150 

PHYSICAL 

DDIP 

in. 

1.9x2.1x0.25 

(mm) 

(48x53x6) 

Ratpack 

in. 

1.6x2.19x0.171 

(mm) 

(40.6x55.6x4.34) 

Weight 

oz(g) 

1.7(41) 

Notes: 

1.1m  and  In  for  input  pins  12,  13,  14.  15,  53,  54,  55, 

2.  Iih  and  U  for  input  pins  other  than  in  Note  1. 

3.  Voh  and  Vol  for  output  pins.  1.  2.  3.  16,  25,  27,  28,  35,  40,  41 
42,  65,  73,  78. 

4.  Voh  for  ail  output  pins  other  than  in  Note  3. 

5.  Vol  for  output  pins  21,  22,  24,  26,  29,  60,  61,  62,  63.  64. 

6.  Vol  and  do  for  pins  43  thru  50  and  4  thru  11. 
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The  BUS-65112  is  a  complete  dual  redundant  Remote 
Terminal  Unit  (RTU)  packaged  in  a  small  1 .9"  x  2.1"  hybrid.  It 
is  fully  compliant  with  MIL-STD-1553B  and  supports  all 
message  formats.  As  shown  in  Figure  1,  it  includes  2 
transceivers,  2  encoder/decoders,  2  bit  processors,  an  RTU 
protocol  sequencer,  control  logic  and  output  latches  and 
buffers.  With  the  addition  of  2  data  bus  transformers  (DDC 
P/N  BUS-25679),  BUS-65112  is  ready  to  connect  to  the  MIL- 
STD-1553  data  bus. 

Data  is  transferred  to  and  from  the  subsystem  host  CPU  over 
a  16  bit  parallel  highway,  which  is  isolated  by  a  set  of 
bidirectional  buffers.  All  transfers  are  made  with  a  DMA  type 
handshaking  of  request,  grant,  acknowledge.  Read/write  and 
data  strobes  are  provided  to  simplify  interfacing  to  external 
RAM  memory.  Also  simplifying  the  RAM  interface,  is  the 
availability  of  latched  command  word  and  word  counter. 
These  signals  may  be  used  as  an  address  to  map  the  data 
directly  to  and  from  RAM. 

BUS-651 1 2  allows  the  subsystem  host  CPU  to  control  6  of  the 
bits  in  the  RTU  status  word.  Of  particular  interest  is  the  Illegal 
Command  input  which  may  be  used  to  set  the  message  error 
bit  and  illegalize  any  command  word.  Four  error  flags  are 
provided  to  the  subsystem  host  CPU  by  the  BUS-65112.  to 
aid  in  assessing  its  condition.  In  addition,  a  continuous 
online  self-test  is  performed  by  the  BUS-65112  on  every 
transmission.  Each  transmitted  message  is  wrapped  around 
to  the  decoder  and  compared  to  the  intended  message.  Any 
discrepancy  is  flagged  as  an  error. 


TIMING 

The  subsystem  host  CPU  interface  to  the  BUS-65112  is  simple 
and  compatible  with  most  microprocessors.  Figures  3  and  4 
illustrate  typical  MIL-STD-1553  messages  of  transmit  data  and 
receive  data,  and  figures  5  and  6  show  RT  to  RT  transfers.  In 
each  case,  NBGT  identifies  the  start  of  the  message,  and 
INCMD  identifies  that  a  command  is  being  processed.  The 
handshake  sequence  DTREQ,  DTGRT,  and  DTACK  is  used  to 
transfer  each  word  over  the  parallel  data  highway.  DTSTR  and 
RAW  are  used  to  control  transfers  to  RAM  memory.  GBR 
identifies  a  "good  block  received",  when  a  received  message 
has  passed  all  validation  checks  and  has  the  correct  word 
count.  Buffer  enable  (BUFENA)  must  be  applied  to  enable 
the  internal  three-state  buffers. 


ERROR  FLAGS 

Four  error  flags  are  output  to  the  subsystem  to  provide 
information  on  the  condition  of  the  BUS-651 1 2.  The  Message 
Error  (ME)  line  goes  LOW  if  any  of  the  following  error 
conditions  exist:  format  error,  word  count  error,  invalid  word, 
sync  error,  RT  to  RT  address  error  or  T/R  bit  error.  The 
Remote  Terminal  Failure  (RT  FAIL)  line  goes  LOW  whenever 
the  results  of  the  continuous  wraparound  self-test  shows  a 
discrepancy,  or  the  transmitter  watchdog  timeout  has 
occurred.  The  Handshake  Failure  (HS  FAIL)  line  goes  LOW 
whenever  the  subsystem  has  not  responded  to  a  DTREQ 
request  soon  enough  with  a  DTGRT  grant.  The  RT  Address 
Error  (RTAD  ERR)  line  goes  LOW  whenever  the  sum  of  the  5 
address  lines  and  parity  line  shows  a  parity  error. 


BUS-65112  AND  BUS-65117 


ILC  DATA  DEVICE 
CORPORATION   

STATUS  REGISTER 

Six  inputs  to  the  BUS-651 1 2  allow  the  subsystem  host  CPU  to 
control  bits  in  the  RTU  Status  Word.  The  Illegal  Command 
input  may  be  used  to  set  the  Message  Error  bit  in  the  Status 
Word.  This  line  is  particularly  useful  in  illegalizing  any 
combination  of  mode  commands.  An  external  PROM  maybe 
used  to  monitor  the  latched  Command  Word.  This  PROM 
would  drive  the  Illegal  Command  input  LOW  when  it 
identifies  a  mode  command  that  is  programmed  to  be  illegal. 
The  Subsystem  Request  (SRQ)  line  is  used  to  set  the  service 
request  bit  in  the  Status  Word.  The  Accept  Dynamic  Bus 
Control  (ADBC)  line  is  used  to  set  the  Bus  Control 
acceptance  bit  in  the  Status  Word,  if  that  mode  command  was 
sent.  Trie  Remote  Terminal  Flag  (RT  FLAG)  line  is  used  to  set 
the  terminal  flag  bit  in  the  Status  Word.  The  Subsystem  Busy 


(BUSY)  line  is  used  to  set  the  busy  bit  in  the  Status  Word,  and 
to  inhibit  requests  for  data  from  the  subsystem.  The 
Subsystem  Flag  (SS  FLAG)  line  is  used  to  set  subsystem  flag 
(fault)  bit  in  the  Status  Word. 

BUILT-IN-TEST  WORD 

The  BUS-65112  contains  a  14  bit  Built-in-Test  (BIT)  word 
register  which  stores  information  about  the  condition  of  the 
Remote  Terminal.  When  a  Mode  Command  is  received  to 
transmit  BIT  word,  the  contents  of  this  register  are 
transmitted  over  the  1553  data  bus.  Figure  2  shows  the 
meaning  of  each  bit  in  the  BIT  register.  Information  is 
included  regarding  transmitter  timeouts,  loop  test  failures, 
transmitter  shutdown,  subsystem  handshake  failure,  and  the 
results  of  individual  message  validations. 


|   DATA  SYNC  1 1 5  1 14  1 13  | 12  1 1 1 1 10 1  9  |  a  |  7  |  6  |  5  |  1  |  3  |  2  |  1  |  0  |  P 


ALWAYS  ZERO  . 


CHANNEL  B  -  TRANSMITTER  TIMEOUT 
CHANNEL  A  -  TRANSMITTER  TIMEOUT 
CHANNEL  B  —  LOOP  TEST  FAILURE 
CHANNEL  A  -  LOOP  TEST  FAILURE 
CHANNEL  B  -  TRANSMITTER  SHUTDOWN 
CHANNEL  A  -  TRANSMITTER  SHUTDOWN 


•  BITS  3-7  ARE  CLEARED  IN  THE  BEGINNING  OF  EACH  NEW 
MESSAGE  ANDUPDATEDATTHEENDOFTHEMESSAGE 
THEY  ONLY  REFLECT  THE  PRESENT  COMMAND  WORD 

•  BITS  0-2. 10-1 3  ARE  LATCHED  ANO  ARE  ONLY  CLEARED  BY  A 
MODE  RESET  COMMAND  OR  A  MASTER  RESEIfRESET  I 


CHANNEL  A  B  -  TRANSMITTER  TIMEOUT 
HANDSHAKE  FAILURE 
CHANNELAB  -  LOOP  TEST  FAILURE 

MODE  CODE  -  T  R  ERROR 

{ILLEGAL  OR  RESERVED  MODE  CODE 
ILLEGAL  USE  OF  BROADCAST  WITH  MOOE  CODE 

MESSAGE  SERVICING  ABORTED  DUE  TO  LOW  WORD  COUNT 
MESSAGE  SERVICING  ABORTED  DUE  TO  HIGH  WORD  COUNT 
.  NON-MODE  BROADCAST  COMMAND  TO  TRANSMIT 


•  BITS  8  4  9  ARE  SET  ONLY  BY  THE  MODE  COMMAND  FOR 
■TRANSMITTER  SHUTDOWN'  AND  ARE  CLEARED  BY  THE  MODE 
COMMAND  FOR  "OVERRIDE  TRANSMITTER  SHUTDOWN' OR 
RESET  REMOTE  TERMINAL'  ALSO  CLEARED  BY  RESET 


FIGURE  2.  BUILT-IN-TEST  (BIT)  WORD  REGISTER 


MODE  CODES 

The  BUS-65112  recognizes  all  MIL-STD-1553  mode  codes.  The  hybrids  responses  to  the  mode  codes  and  error  conditions  are 
described  below. 


DYNAMIC  BUS  CONTROL  [00000]  

message  sequence  =     |DBC|     *     |  STATUS  | 

The  super  hybrid  will  respond  with  status;  if  the  terminal  wishes  to  control  the  bus,  it  must  set  the  DBACC  bit  within  2.5/us 
after  NBGT. 


ERROR  CONDITIONS 

Invalid 
Command 


Command  followed 
by  data  word 


T/R  bit  set 
to  zero 


Zero  T/R  bit  & 
broadcast  address 


Broadcast 
address 


No  response- 
command  ignored 


No  status  response 
Set  message  error 
BIT  hi  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 


No  status  response 
Set  message  error 
BIT  illegal  mode 
code  &  T/R  error 
Set  brdcst  receved 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode 


(*  =  status  response  time) 
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A11  (T/R  BIT) 


PREVIOUS 


7"  T 


A5  (DAT/CMD) 


+ 


I   I 

A6-A10  '/////A 

D0-D15 


STATES 


BITEN 


HS  FAIL  | 


If 


■M- 


4-L 


I  I 


JTT 
l  i 
_LU 
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CURRENT  WORD  COUNT  =  00000 
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AO-A9 
AND  T/H  BIT 
ARE  VALID 
(COMMAND 
WORD) 

COMMAND  WORD 
TRANSFER TO 
SUBSYSTEM 

START  OF  NEW        I LLCMO  STROBED  IN  STATU1 
COMMAND  WORD      AO-A*-*0  (CURRENT  STROBED  IN 

INITIALIZATION  WORD  COUNTER)  '  " 

RTU  REQUESTS  DATA 
BUS  FOR  COMMAND 


NO  MORE 
CONTINUOUS  DATA 
ENCODER 
STARTED  UP 

I  A 


ENCODER  REGISTERS 
AVAILABLE  FOR  NEXT 

WORO.RTU 
REQUESTS  DATA  BUS 
FORmOATAJttQBD 
TRANSFER  (RTF AIL 
IS  CLEARED  IF  IT 
WAS  SET) 


SiflAG 
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EDEBSCDDQDDDDODQDnailEEiECDDQDDDDDDDE 


 If  

1 

 u  

 If  

1 

 "  L 

3] 


8UF«BSAHEAT* 
INPUTS 


OTGRT 
IS  RECOGNIZED. 
OATA TRANSFER 
STARTS.  SUBSYSTEM 
SHOULD  BE  ORIVING 
THE  DATA  BUS 


AVAILABLE  FOR  NEXT 

WORD  RTU 
REQUESTS  DATA  BUS 
FOR  2nd  DATA  WORD 
TRANSFER 


DTGRT 
IS  RECOGNIZED 
DATA  TRANSFER 
STARTS.  SUBSYSTEM 


NOTES: 

1  LEGEND 

LVVtWAJ  DON'T  CARE 

nmnna  data  bus  is  undefined 

2.  ALL  TIME  REFERENCES  ARE  TYPICAL  VALUES. 

3.  DATA  BUS  IS  SHOWN  WITH  BUF  ENA  GROUNDED. 

4  THE  POSITION  OF  DTACK  WILL  VARY  DEPENDING  ON  WHEN  OTGRT  IS 

GIVEN  THE  MINIMUM  TIME  WILL  BE  166ns  FROM  DTREQ 
5.  HSFAIL  IS  ASSERTED  UPON  EXCESS  DTGRT  RESPONSE  TIME.  INCMD  WILL 

SUBSEQUENTLY  GO  LOW  AND  NO  FURTHER  WORD  TRANSFERS  WILL  OCCUR 
6  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION.  ONCE  SET.  FLAG 

WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE.  INCMD  FALLING  EDGE  CAN  BE 

USED  TO  LATCH  RTFAIL  STATUS. 


FIGURE  3.  TRANSMIT  TIMING  DIAGRAM 
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rft 


Jilii 


1 1 


ill 


1 1 1 


CURRENT  WORD  COUNT  =  00001 


CURRENT  WORD  COUNT  m  0O010 


TTT 


rrr 

4f 


1 1 


H  4  5»iS- 


J_L 


2nd  DATA  WORD  IS 
RECEIVED  A 
VALIDATED 
RTU  REQUESTS  DATA 
BUS  FOR  DATA  WORD 
TRANSFER 


RTU  DATA  VALID 


1 J  , , — 

-»-  -J  -  -ft-  ■ 

HT  FAIL 
IS  CLEARED 
IF  ITWASSET 


STATUS  WORD 
TRANSFERRED  TO 
ENCODER  REGISTERS 

NO  MORE 
CONTINUOUS  DATA 
ENCODER 
NOTES'.  STARTED  UP 

1.  LEGEND 

DON'T  CARE 
milium   DATA  BUS  IS  UNDEFINED 

 REPRESENTS  THE  SEQUENCE  OF  EVENTS  IF  THE  COMMAND  WAS 

BROADCAST  NOTE.  NO  STATUS  WOULD  BE  TRANSMITTED  ON  1553  BUS 

2.  ALL  TIME  REFERENCES  ARE  TYPICAL  VALUES 

3  DATA  BUS  IS  SHOWN  WITH  BUF  ENA  GROUNDED 

4.  THE  TIMING  DIAGRAMS  REPRESENT  A  DTGRT  RESPONSE  TIME  OF  92us  FOR 
COMMAND  TRANSFER  AND  2  Vs  FOR  DATA.  THE  POSITION  OF  DTACK  WILL 
VARY  DEPENDING  ON  WHEN  DTGRT  IS  GIVEN. 

5  HSFAIL  IS  ASSERTED  UPON  EXCESS  DTGRT  RESPONSE  TIME  GBR  WILL  BE  SET 

6  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET.  FLAG 
WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE.  INCMD  FALLING  EDGE  CAN  BE 
USED  TO  LATCH  RTFAIL  STATUS. 

FIGURE  4.  RECEIVE  TIMING  DIAGRAM 
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STATUS  WOflO 


CONTINUOUS  DATA 


■nnnm  data  bus  is  undefined 

 REPRESENTS  THE  SEOUENCE  OF  EVENTS  IF  THE  COMMAND 

BROADCAST  NOTE.  NO  STATUS  WOULD  BE  TRANSMITTED  O 

2  ALL  TIME  REFERENCES  ARE  TYPICAL  VALUES 

3  DATA  BUS  IS  SHOWN  WITH  BUF  ENA  GROUNDED 

4  THE  TIMING  DIAGRAMS  REPRESENT  A  DTGRT  RESPONSE  TIME  OF  92*/.  FOR 
COMMAND  TRANSFER  AND  2  ,«*  FOH  DATA  THE  MAXIMUM  RESPONSE  TIME 
FROM  DTREO  TO  DTGRT  TO  GUARANTEE  A  SUCCESSFUL  TRANSFER  IS  I.Sjo 
FOR  THE  COMMAND  TRANSFER  AND  2  MM  FOR  DATA  TRANSFERS  TO  THE 

THE  POSITION  OF  OTACK  WILL  VARY  DEPENDING  ON  WHEN 
/EN 

IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET.  FLAG 


FIGURE  5.  RT  TO  RT  (RECEIVE)  TIMING  DIAGRAM 
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SUBSYSTEM  DATA 
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DTGHT 
IS  RECOGNIZED. 
DATA TRANSFER 
STARTS.  SUBSYSTEM 


ENCODER  REGISTERS 
AVAILABLE  FOR  NEXT 

WORO  RTU 
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FOR  2nd  DATA  WORD 

TRANSFER 


OTGRT 
IS  RECOGNIZED 
DATA TRANSFER 
STARTS.  SUBSYSTEM 
SHOULD  BE  DRIVING 
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NOTES: 

1  LEGEND 

DON'T  CARE 

nnnnni  data  bus  is  undefineo 

2.  ALL  TIME  REFERENCES  ARE  TYPICAL  VALUES. 

3  DATA  BUS  IS  SHOWN  WITH  BUF  ENA  GROUNDED 

4  THE  TIMING  DIAGRAMS  REPRESENT  A  DTGFtT  RESPONSE  TIME  OF  92ysec  FOR 
COMMAND  WORD  TRANSFER  AND  2.42/jS  FOR  THE  DATA  WORDS  THE  MAXIMUM 
RESPONSE  TIME  FROM  DTREQ  TO  DTGflT  TO  GUARANTEE  A  SUCCESSFUL 
TRANSFER  IS  1.5**  FOR  THE  COMMAND  WORD  AND  15.4/js  FOR  THE  DATA 
TRANSFER  FROM  THE  SUBSYSTEM  THE  POSITION  OF  DTACK  WILL  VARY 
DEPENDING  ON  WHEN  DTGRT  IS  GIVEN  THE  MINIMUM  TIME  WILL  BE  166ns 
FROM  DTREQ 

5.  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET  FLAG 
WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE.  INCMD  FALLING  EDGE  CAN  BE 
USED  TO  LATCH  RTFAIL  STATUS. 


FIGURE  6.  RT  TO  RT  (TRANSMIT)  TIMING  DIAGRAM 
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SYNCHRONIZE  WITHOUT  DATA  WORD  [00001] 

message  sequence  =     |SYNC[     •  |STATUS| 

The  hybrid  will  respond  with  status.  If  sent  as  a  broadcast,  the  broadcast  receive  bit  will  be  set  and  status  response 
suppressed. 
ERROR  CONDITIONS 

Invalid  Command  followed  T/R  bit  set  Zero  T/R  bit  & 

Command  by  data  word  to  zero  broadcast  address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  hi  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 


No  status  response 
Set  message  error. 
BIT,  T/R  mode  error 
Set  brdcst  reeved 


TRANSMIT  STATUS  WORD  [00010] 


message  sequence  =     | Transmit  Status  | 


Status 


The  status  register  is  not  cleared  or  loaded  before  it  is  transmitted  and  contains  the  resulting  status  from  the  previous 
command. 


ERROR  CONDITIONS 

Invalid 
Command 


Command  followed 
by  data  word 


T/R  bit  set 
to  zero 


Zero  T/R  bit  4 
broadcast  address 


Broadcast 
address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  hi  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 


No  status  response 
Set  message  error 
BIT  illegal  mode 
code  &  T/R  error 
Set  brdcst  recevd 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode  & 
T/R  error  set 


INITIATE  SELF-TEST  [00011] 

message  sequence  =     |  Self  Test"]     *     | Status  | 

The  hybrid  responds  with  a  status  word.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  trans- 
mission is  suppressed.  Dynamic  wrap-around  self-test  is  initiated  on  the  status  word  transmission  and  generates  an  RTfail 
flag  if  the  test  fails. 

ERROR  CONDITIONS 

Invalid  Command  followed  T/R  bit  set  Zero  T/R  bit  &  Faulty 

Command  by  data  word  to  zero  broadcast  address  test 

No  response  No  status  response        No  status  response        No  status  response  Set  RT  fail  flag 

command  ignored         Set  message  error  Set  message  error         Set  message  error  TF  bit  set 

BIT  hi  word  count  BIT  T/R  mode  error        BIT  T/R  error  automatically 

Set  brdcst  recevd 


TRANSMITTER  SHUTDOWN  [00100] 

message  sequence  =     |  Shutdown!     "     |  Status  | 

This  command  may  only  be  used  with  dual  redundant  bus  system.  The  hybrid  responds  with  status,  at  the  end  of  the  status 
transmission,  the  hybrid  inhibits  any  further  transmission  from  the  redundant  channel.  Once  shutdown,  the  transmitter  can 
only  be  reactivated  by  Override  Transmitter  Shutdown  or  Reset  Remote  Terminal  commands. 

ERROR  CONDITIONS 

Invalid  Command  followed  T/R  bit  set  Zero  T/R  bit  & 

Command  by  data  word  to  zero  broadcast  address 

No  response  -  No  status  response        No  status  response        No  status  response 

command  ignored         Set  message  error  Set  message  error  Set  message  error, 

BIT  hi  word  count  BIT  T/R  mode  error        BIT,  T/R  mode  error 

Set  brdcst  reeved 


OVERRIDE  TRANSMITTER  SHUTDOWN  [00101] 

message  sequence  =     |Override  Shutdown]     '      | Status  | 

This  command  may  only  be  used  with  dual  redundant  bus  systems.  The  hybrid  will  respond  with  status,  at  the  end  of  the 
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status  transmission,  the  hybrid  reenables  the  transmitter  of  the  redundant  bus.  If  the  command  was  broadcast,  the  broad- 
cast received  bit  is  set  and  status  transmission  is  suppressed. 


ERROR  CONDITIONS 

Invalid 
Command 


Command  followed 
by  data  word 


T/R  bit  set 
to  zero 


Zero  T/R  bit  & 
broadcast  address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  hi  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 


No  status  response 
Set  message  error, 
BIT,  T/R  mode  error 
Set  brdcst  reeved 


INHIBIT  TERMINAL  FLAG  BIT  [00110] 

message  sequence  =     |lnhibit  Terminal  Flag]     *  |Status| 

The  hybrid  will  respond  with  status  and  inhibit  any  further  internal  or  external  setting  of  the  terminal  flag  bit  in  the  status 
register.  Once  the  terminal  flag  has  been  inhibited,  it  can  only  be  reactivated  by  an  Override  Inhibit  Terminal  Flag  or  Reset 
Remote  Terminal  command.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission 
is  suppressed. 

ERROR  CONDITIONS 

Invalid  Command  followed  T/R  bit  set  Zero  T/R  bit  & 

Command  by  data  word  to  zero  broadcast  address 

No  response  -  No  status  response        No  status  response        No  status  response 

command  ignored         Set  message  error         Set  message  error         Set  message  error 
BIT  hi  word  count  BIT  T/R  mode  error        BIT  T/R  mode  error 

Set  brdcst  recevd 


OVERRIDE  INHIBIT  TERMINAL  FLAG  [00111] 

message  sequence  =     | Override  Inhibit  Terminal  Flag]     *     |  Status  | 

The  hybrid  responds  with  status  and  reactivates  the  terminal  flag  bit  in  the  status  register.  If  the  command  was  broadcast, 
the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 

ERROR  CONDITIONS 

Invalid  Command  followed  T/R  bit  set 

Command  by  data  word  to  zero 


Zero  T/R  bit  & 
broadcast  address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  hi  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 
Set  brdcst  recevd 


RESET  REMOTE  TERMINAL  [01000] 

message  sequence  =     |Reset  Remote  Terminal  |     *     | Status  | 

The  hybrid  responds  with  status  and  internally  resets.  Transmitter  shutdown,  mode  commands  and  inhibit  terminal  flag 
commands  will  be  reset.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  the  status  word  is  suppressed. 

ERROR  CONDITIONS 


Invalid 
Command 


Command  followed 
by  data  word 


T/R  bit  set 
to  zero 


Zero  T/R  bit  & 
broadcast  address 


No  response  -  No  status  reponse  No  status  response        No  status  response 

command  ignored         Set  message  error  Set  message  error         Set  message  error 

BIT  hi  word  count  BIT  T/R  mode  error        BIT  T/R  mode  error 

Set  brdcst  recevd 


RESERVED  MODE  CODES  [01001  -  01111] 

message  sequence  =     |Reserved  Mode  Codes]     '     | Status | 

The  hybrid  responds  with  status.  If  the  command  is  made  illegal  through  an  optional  PROM,  the  message  error  bit  is  set 
and  only  the  status  word  is  transmitted. 
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Invalid 
Command 

No  response  - 
command  ignored 


Command  followed 
by  data  word 

No  status  response 
Set  message  error 
BIT  hi  word  count 


T/R  bit  set 
to  zero 

No  status  response 
Set  message  error 
BIT  illegal  mode 


Zero  T/R  bit  & 
broadcast  address 

No  status  response 
Set  message  error 
BIT  illegal  mode 
Set  brdcst  recevd 


TRANSMIT  VECTOR  WORD  [10000] 

message  sequence  = 


Xmit  Vector  Word 


|  Status  I    |  Vector  Word] 


The  hybrid  will  transmit  a  status  word  followed  by  the  vector  word.  The  contents  of  the  vector  word  (from  the  subsystem)  are 
enabled  onto  DB0-DB1 5  with  the  DTREQ  after  the  command  transfer  (same  as  a  data  word  in  a  normal  transmit  command). 


ERROR  CONDITIONS 

Invalid 
Command 


Command  followed 
by  data  word 


T/R  bit  set 
to  zero 


Zero  T/R  bit  & 
broadcast  address 


Broadcast 
address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  hi  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  &  lo 
word  count 


No  status  response 
Set  message  error 
BIT  illegal  mode 
code,  T/R  error  & 
lo  word  count 
Set  brdcst  receved 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode 


SYNCHRONIZE  WITH  DATA  WORD  [10001] 

message  sequence  =     |  Synchronize"!     |Data  Word]     '     | Status | 

The  data  word  received  following  the  command  word  is  transferred  to  the  subsystem.  The  status  register  is  then  enabled 
and  then  transferred  onto  the  data  highway  and  transmitted.  If  the  command  was  broadcast,  the  broadcast  received  bit  is 
set  and  status  transmission  is  suppressed. 

ERROR  CONDITIONS 

Invalid  Cmnd  not  followed         Cmnd  followed  by  Command  T/R  bit         Cmnd  T/R  bit  set  to 

Command  by  data  word  too  many  data  words  set  to  one  one  &  brdcst  address 

No  response  -  No  status  response        No  status  response        No  status  response        No  status  response 

command  ignored         Set  message  error         Set  message  error         Set  message  error         Set  message  error 
BIT  lo  word  count  BIT  hi  word  count  BIT  hi  word  count  Set  brdcst  reeved 

&  T/R  error  BIT  hi  word  count  & 

T/R  mode  error 


TRANSMIT  LAST  COMMAND  [10010] 

message  sequence 


Xmit  Last  Command 


|  Status  |    |l_ast  Command  | 

The  status  register  is  not  cleared  or  loaded  before  transmission;  it  contains  the  status  from  the  previous  command.  The  data 
word  transmitted  contains  the  previous  valid  command  (providing  it  was  not  another  transmit  last  command). 
ERROR  CONDITIONS 

Invalid  Command  followed  T/R  bit  set 

Command  by  data  word  to  zero 


Zero  T/R  bit  & 
broadcast  address 


Broadcast 
address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  high  word  count 


No  status  response 
Set  message  error 
BIT  T/R  mode  &  lo 
word  count 


No  status  response 
Set  message  error 
BIT  illegal  mode 
code  &  T/R  error 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode 
code 


TRANSMIT  BIT  WORD  [10011] 

message  sequence  =      |Transmit  BIT  Word  |     *      | Status |     | BIT  word| 

The  hybrid  responds  with  status  followed  by  the  BIT  word.  BITEN  when  active  will  allow  the  subsystem  to  latch  the  BIT 
word  on  the  parallel  data  bus. 
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PIN  FUNCTION  TABLE 

PIN 

FUNCTION 

DESCRIPTION 

i 

A10 

Latched  output  of  the  most  significant  bit(MSB)inthe 
subaddress  field  of  the  command  word. 

2 

A8 

Latched  output  of  thethird  most  significant  bit  in  the 
subaddress  field  of  the  command  word. 

3 

A6 

Latched  output  of  the  least  significant  bit  (LSB)  in  the 
subaddress  field  of  the  command  word. 

4 

DB1 

Bi-directional  parallel  data  bus  Bit  1 

5 

063 

Bi-directional  parallel  data  bus  Bit  3 

6 

DB5 

Bi-directional  parallel  data  bus  Bit  5 

7 

DB7 

Bi-directional  parallel  data  bus  Bit  7 

8 

DB9 

Bi-directional  parallel  data  bus  Bit  9 

9 

DB1 1 

Bi-directional  parallel  data  bus  Bit  1 1 

10 

Ri  H  i  mr-tinn  a.  1  narallnl  Hata  Kiic  Rit  1  ^ 

1 1 

DB15 

Bi-directional  parallel  data  bus  Bit  1 5  (MSB) 

12 

BRO  ENA 

Broadcast  enable  -  when  HIGH,  this  input  allows 
recognition  of  an  RT  address  of  all  ones  in  the 
command  word  as  a  broadcast  message.  When  LOW, 
it  prevents  response  to  RT  address  31  unless  it  was 
the  assigned  terminal  address. 

13 

ADORE 

Input  of  the  MSB  of  the  assigned  terminal  address. 

14 

ADORC 

Input  of  the  3rd  MSB  of  the  assigned  terminal  address. 

15 

ADDRA 

Input  of  the  LSB  of  the  assigned  terminal  address. 

16 

RTADERR 

Output  signal  used  to  inform  subsystem  of  an  address 
parity  error.  If  LOW,  indicates  parity  error  and  the  RT 
will  not  respond  to  any  command  address  to  a  single 
terminal.  It  will  respond  to  broadcast  commands  if 
BRO  ENA  is  HIGH. 

17 

TXDATA  B 

LOW  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  to  the  B  channel  of  the  1 553  Bus. 

18 

+  15VB 

+ 1 5  volt  input  power  supply  connection  for  the 
B  channel  transceiver. 

19 

GNDB 

Power  supply  return  connection  for  the  B  channel 
transceiver. 

20 

RXDATA  B 

Input  from  the  HIGH  side  of  the  primary  side  of  the 
coupling  transformer  that  connects  to  the  B  channel 
of  the  1553  Bus. 

21 

A3 

Multiplexed  address  line  output.  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  of  the  2nd 
MSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  2ns  MSB  of  the 
current  word  counter. 

22 

A1 

Multiplexed  address  line  output.  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  of  the  2nd 
LSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  2nd  LSB  of  the 
current  word  counter. 

PIN  FUNCTION  TABLE 

PIN 

FUNCTION 

DESCRIPTION 

23 

DTGRT 

Data  transfer  grant  -  active  LOW  input  signal  from 
the  subsystem  that  informs  the  RT,  when  DTREQ  is 
asserted,  to  start  the  transfer.  Once  transfer  is  started, 
DTGRT  can  be  removed. 

24 

INCMD 

In  Command  -  HIGH  level  output  signal  used  to 
inform  the  subsystem  that  the  RT  is  presently 
servicing  a  command. 

25 

HSFAIL 

Handshake  Fail  -  output  signal  that  goes  LOWand 
stays  LOW  whenever  the  subsystem  fails  to  supply 
DTGRT  in  time  to  do  a  successful  transfer.  Cleared  by 
the  next  NBGT. 

26 

DTSTR 

A  LOW  level  output  pulse  (1 66ns)  present  in  the  middle 
of  every  data  word  transfer  over  the  parallel  data  bus. 
Used  to  latch  or  strobe  the  data  into  memory,  FIFOs, 
registers,  etc.  Recommend  using  the  rising  edge  to 
clock  data  in. 

27 

(DAT/CMD) 
A5 

Address  line  output  that  is  LOW  whenever  the 
command  word  is  being  transferred  to  the  subsystem 
over  the  parallel  data  bus,  and  is  HIGH  whenever 
data  words  are  being  transferred. 

28 

RTF  AIL 

Remote  Terminal  Failure  -  latched  active  LOW  output 
signal  to  the  subsystem  to  flag  detection  of  a  remote 
terminal  continuous  self-test  failure.  Cleared  by  the 
start  of  the  next  message  transmission  (status  word) 
and  set  if  problem  is  again  detected. 

29 

DTREQ 

Data  Transfer  Request  -  active  LOW  output  signal  to 
the  subsystem  indicating  that  the  RT  has  data  for  or 
needs  data  from  the  subsystem  and  requests  a  data 
transfer  over  the  parallel  data  bus.  Will  stay  LOW  until 
transfer  is  completed  or  transfer  timeout  has  occurred. 

30 

ADBC 

Accept  Dynamic  Bus  Control  -  active  LOW  input 
signal  from  subsystem  used  to  set  the  Dynamic  Bus 
Control  Acceptance  bit  in  the  status  register  if  the 
command  word  was  a  valid,  legal  mode  command 
for  dynamic  bus  control. 

31 

TEST  2 

Factory  test  point  -  DO  NOT  USE. 

32 

A11  (T/R) 

Latched  output  of  the  T/R  bit  in  the  command  word. 

33 

ILLCMD 

Illegal  Command  -  Active  LOW  input  signal  from  the 

auuayaiciii,  siiuucu  in  on  trie  rising  euyc  OT  iniwiviL). 

Used  to  define  the  command  word  as  illegal  and  to  set 
the  message  error  bit  in  the  status  register. 

34 

SRQ 

Subsystem  Service  Request  -  Input  from  the  sub- 
system used  to  control  the  Service  Request  Bit  in  the 
status  register.  If  LOW  when  the  status  word  is  up- 
dated, the  Service  Request  Bit  will  be  set;  if  HIGH,  it 
will  be  cleared. 

35 

BITEN 

Built-in-Test  Word  Enable  -  LOW  level  output  pulse 
(5psec),  present  when  the  built-in-test  word  is 
enabled  on  the  parallel  data  bus. 

36 

RXDATA  A 

Input  from  the  LOW  side  of  the  primary  side  of  the 
coupling  transformer  that  connects  to  the  AChannel 
of  the  1553  Bus. 

37 

+  5VA 

+  5  volt  input  power  supply  connection  for  the 
A  channel  transceiver. 
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PIN  FUNCTION  TABLE 

PIN 

FUNCTION 

DESCRIPTION 

38 

—  15VA 

— 15  volt  input  power  supply  connection  for  the 
A  Channel  transceiver. 

39 

TXDATA  A 

HIGH  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  to  the  A  channel  of  the  1 553  Bus. 

40 

NBGT 

New  Bus  Grant  -  LOW  level  output  pulse  ( 1 66  ns) 
used  to  indicate  the  start  of  a  new  protocol  sequence 
in  response  to  the  command  word  just  received. 

41 

A9 

Latched  output  of  the  2nd  MSB  in  the  subaddress 
field  of  the  command  word. 

42 

A7 

Latched  output  of  the  2nd  LSB  in  the  subaddress 
field  of  the  command  word. 

43 

DBO 

Bidirectional  parallel  data  bus  Bit  0  (LSB) 

44 

DB2 

Bidirectional  parallel  data  bus  Bit  2 

45 

Bidirectional  parallel  data  bus  bit  4 

46 

0B6 

Bidirectional  parallel  data  bus  Bit  6 

47 

DB8 

Bidirectional  parallel  data  bus  Bit  8 

48 

OB10 

Bidirectional  parallel  data  bus  Bit  1 0 

49 

0B12 

Bidirectional  parallel  data  bus  Bit  1 2 

50 

DB14 

Bidirectional  parallel  data  bus  Bit  14 

51 

+5V 

+5  Volt  input  power  supply  connection  for  RTU 
digital  logic  section. 

52 

GND 

Power  supply  return  for  RTU  digital  logic  section. 

53 

ADDRD 

Input  of  the  2nd  MSB  of  the  assigned  terminal  address. 

54 

ADDRB 

Input  of  the  2nd  LSB  of  the  assigned  terminal  address. 

55 

ADDRP 

Input  of  Address  Parity  Bit.  The  combination  of 
assigned  terminal  address  and  ADDRP  must  be  odd 
parity  for  the  RT  to  work. 

56 

TXDATA  B 

HIGH,  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  to  the  B  Channel  of  the  1553  Bus. 

57 

-15VB 

- 1 5  volt  input  power  supply  connection  for  the 
B  channel  transceiver. 

58 

+5VB 

+  5  volt  input  power  supply  connection  for  the 
B  channel  transceiver. 

59 

RXDATA B 

Input  from  the  LOW  side  of  the  primary  side  of  the 
primary  side  of  thecoupling  transformer  that 
connects  to  the  B  Channel  of  the  1 553  Bus. 

60 

A2 

Multiplexed  address  line  output.  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command). it  represents  the  latched  output  of  the  3rd 
MSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  3rd  MSB  of  the 
current  word  counter. 

61 

AO 

Multiplexed  address  line  output.  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  of  fhe 
LSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  LSB  of  the 
current  word  counter. 

62 

DTACK 

Data  Transfer  Acknowledge  -  active  LOW  output 
signal  during  data  transfers  to  or  from  the  subsystem 
indicating  the  RTU  has  received  the  DTGRT  in 
response  to  DTREQ  and  is  presently  doing  the  transfer. 
Can  be  connected  directly  to  pin  67  (BUF  ENA)  for  con- 
trol of  tri -state  data  buffers;  and  to  tri -state  address 
buffer  control  lines,  if  they  are  used. 

PIN  FUNCTION  TABLE 

PIN 

FUNCTION 

DESCRIPTION 

63 

A4 

Multiplexed  address  line  output.  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  of  tne 
MSB  In  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  MSB  of  the 
current  word  counter 

64 

R/W 

Read/Write  -  output  signal  that  controls  the  direction 

rtf  tho  intorn  a  I  riatn  hi  ie  hi  iff nra  Nnrmallv  the  sional 

is  LOW  and  the  buffers  drive  the  data  bus.  When  data 
is  needed  from  the  subsystem,  it  goes  HIGH  to  turn 
the  buffers  around  and  the  RT  now  appears  as  an  input 
The  signal  is  HIGH  only  when  DTREQ  is  active  (LOW). 

65 

GBR 

booa  block  neceiveo  —  luw  levei  output  puise  i.o/«k*,j 
used  to  flag  the  subsystem  that  a  valid,  legal,  non- 

mOUO  rOl*BIVO  l,UlIllllOllU  Willi  11  lo  tUI  1  Wl  1  puihuoi  vt 

data  words  has  been  received  without  a  message 
error  and  successfully  transferred  to  the  subsystem. 

66 

12MHz  IN 

1 2MHz  Clock  Input  -  input  for  the  master  clock  used 
to  run  RTU  circuits. 

67 

BUF  ENA 

Buffer  Enable  -  input  used  to  enable  ortri-state  the 

intornal  H  at  a  hi  i  c  hi  iff  Are  vuhan  thovs  ara  H  riw  i  nn  thA  hi  K 

in  lor  rial  dais  uub  uuirtirs  wntjn  inoy  ow  <ji  ivu  iy  mo  uus. 

When  LOW,  the  data  bus  buffers  are  enabled.  Could 
be  connected  to  DTACK  (Pin  62)  if  RT  is  sharing  the 
same  data  bus  as  the  subsystem. 

68 

RESET 

Input  resets  entire  RTwhen  LOW. 

69 

RTFLAG 

Remote  Terminal  Flag  -  input  signal  used  to  control 
the  terminal  flag  bit  in  the  status  register.  If  LOW  when 
the  status  word  is  updated,  the  terminal  flag  bit  would 
beset;  if  HIGH,  it  would  be  cleared.  Normally 
connected  to  RTFAIL  (Pin  28). 

70 

TEST1 

Factory  test  point  -  DO  NOT  USE. 

71 

BUSY 

Subsystem  Busy  -  input  from  the  subsystem  used  to 
control  the  busy  bit  in  the  status  register.  If  LOW  when 
thestatus  word  is  updated,  the  busy  bit  will  beset;  if 
HIGH,  it  will  be  cleared.  If  the  busy  bit  is  set  in  the 
status  register,  no  data  will  be  requested  from  the  sub- 
system in  response  to  a  transmit  command.  On 
receive  commands,  data  will  still  be  transferred  to 
subsystem. 

72 

SSFLAG 

Subsystem  Flag  -  input  from  the  subsystem  used  to 
control  the  subsystem  flag  bit  in  the  status  register.  If 
LOW  when  the  status  word  is  updated,  the  subsystem 
flag  will  be  set;  if  HIGH,  it  will  be  cleared. 

73 

MC 
MC 

Message  Error  —  output  signal  that  goes  LOW  and 
stays  LOW  whenever  there  is  a  format  or  word  error 
with  the  received  message  over  the  1 553  Data  Bus. 
Cleared  by  the  next  NBGT. 

74 

RXDATA  A 

Input  from  the  HIGH  side  of  the  primary  side  of  the 
coupling  transformer  that  connects  to  the  A  channel 
ofthe1553  Bus. 

75 

GNDA 

Power  supply  return  connection  for  the  A  Channel 
transceiver. 

76 

+  15VA 

+ 1 5  volt  input  power  supply  connection  for  the 
A  channel  transceiver. 

77 

TXDATA  A 

LOW  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  to  the  A  channel  of  the  1 553  Bus. 

78 

STATE  N 

Status  Word  Enable  -  LOW  level  active  output  signal 
present  when  the  status  word  is  enabled  on  the 
parallel  data  bus. 
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ILC  DATA  DEVICE 


BUS-65112  AND  BUS-65117 


ERROR  CONDITIONS 

Invalid 
Command 


Command  followed 
by  data  word 


T/R  bit  set 
to  zero 


Zero  T/R  bit  & 
broadcast  address 


Broadcast 
address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 


No  status  response 
Set  message  error 
BIT  T/R  mode  error 
&  lo  word  count 


No  status  response 
Set  message  error 
BIT  illegal  mode 
code,  T/R  error  & 
lo  word  count 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode 


SELECTED  TRANSMITTER  SHUTDOWN  [10100] 

[Transmitter  Shutdown] 


message  sequence  : 


Status 


The  data  word  received  is  transferred  to  the  subsystem  and  then  the  status  word  is  transmitted.  If  the  command  was 
broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed.  Intended  for  RTs  with  more  than  dual 
redundant  channels. 


ERROR  CONDITIONS 

Invalid 
Command 


Cmnd  not  followed 
by  data  word 


Cmnd  followed  by 
too  many  data  words 


Cmnd  T/R  bit  set 
to  one 


Cmnd  T/R  bit  to  one  I 
broadcast  address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  lo  word  count 
&  illegal  mode 


No  status  response 
Set  message  error 
BIT  hi  word  count  & 
illegal  mode 


No  status  response 
Set  message  error 
BIT  illegal  mode 
&  hi  word  count 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode 
&  hi  word  count 


OVERRIDE  SELECTED  TRANSMITTER  SHUTDOWN  [10101] 

message  sequence  =     | Override  Shutdown |    |Data|     '  |Status| 

The  data  word  received  after  the  command  word  is  transferred  to  the  subsystem.  If  the  command  was  broadcast,  the 
broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 

ERROR  CONDITIONS 

Invalid  Cmnd  not  followed         Cmnd  followed  by  Cmnd  T/R  bit         Cmnd  T/R  set  to  one  & 

Command  by  data  word  too  many  data  words  set  to  one  broadcast  address 


No  response  - 
command  ignored 


No  status  response 
Set  message  error 
BIT  lo  word  count 
&  illegal  mode 


No  status  response 
Set  message  error 
BIT  hi  word  count 
&  illegal  mode 


No  status  response 
Set  message  error 
BIT  illegal  mode 
&  hi  word  count 


No  status  response 
Set  message  error 
Set  brdcst  reeved 
BIT  illegal  mode, 
hi  word  count  & 
T/R  mode 


RESERVED  MODE  CODES  [10110  -  11111] 

message  sequence  =     |  Reserved  Mode  Code  (T/R=1)"| 

|  Reserved  Mode  Code  (T/R=0)~| 


|  Status"] 
|  StatuF] 

The  hybrid  responds  with  status.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission 
is  suppressed. 

ERROR  CONDITIONS 


T/R= 

Invalid 
Command 

1 

Command  followed 
by  data  word 

Invalid 
Command 

T/R=0 
Cmnd  not  followd  by 
contiguous  data  word 

Cmnd  followed  by 
too  many  data  words 

No  response  - 
command  ignored 

No  status  response 
Set  message  error 
BIT  hi  word  count 
&  illegal  mode 

No  response  - 
command  ignored 

No  status  response 
Set  message  error 
BIT  illegal  mode 
&  lo  word  count 

No  status  response 
Set  message  error 
BIT  hi  word  count  & 
illegal  mode 

Command  Word  lllegalizing 

Any  command,  including  mode  codes,  can  be  illegalized.  When  an  illegalized  command  or  mode  code  is  received,  the  RTU  will  set 
the  message  error  bit  of  the  status  register  and  transmit  the  status  word.  Data  received  with  an  illegal  command  will  be  passed  on 
to  the  subsystem,  and  data  to  be  transmitted  will  not  be  requested  from  the  subsystem,  only  the  status  word  with  the  message 
error  bit  set  will  be  transmitted. 
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The  BUS-65112  is  capable  of  performing  two  internal  tests. 
TEST  1,  PIN  70.  A  logic  low  on  this  pin  will  cause  the  last  word 
of  the  next  message  to  be  repeated  continuously  until  the  built 
in  Watch  Dog  Timeout  circuit  disables  the  transmitter.  The  trans- 
mitter will  be  re-enabled  upon  receipt  of  the  next  valid  command 
to  the  BUS-651 12  on  that  channel. 

TEST  2,  PIN  31.  This  pin  indicates  the  result  of  the  loop  test 
comparison  test.  It  is  performed  for  every  word  transmitted  to 
the  1553  bus. 

(1  =  Pass.  0  =  Fail)  The  result  is  reset  upon  transmission  of 
the  next  word  over  the  bus. 


BUS-65117  FLATPACK  PIN  FUNCTIONS 

PIN 

FUNCTION 

PIN 

FUNCTION 

1 

NC 

42 

NC 

2 

A10 

43 

NBGT 

3 

A9 

44 

STATEN 

4 

A8 

45 

TXDATA  OUT  A 

5 

A7 

46 

TXDATA  OUT  A 

6 

A6 

47 

-15V  A 

7 

DB0 

48 

+  15VA 

8 

DB1 

49 

+  5VA 

9 

DB2 

50 

GNDA 

10 

DB3 

51 

RXDATA  IN  A 

11 

DB4 

52 

RXDATA  IN  A 

12 

DB5 

53 

BITEN 

13 

DB6 

54 

ME 

14 

DB7 

55 

SRQ 

15 

DB8 

56 

SSFLAG 

16 

DB9 

57 

ILLCMD 

17 

DB10 

58 

BUSY 

18 

DB11 

59 

A11 

19 

DB12 

60 

TEST1 

20 

DB13 

61 

TEST  2 

21 

DB14 

62 

RTFLAG 

22 

DB15 

63 

ABDC 

23 

J-5V 

64 

RESET 

24 

BRO  ENA 

65 

DTREQ 

25 

GROUND 

66 

BUFENA 

26 

ADDRE 

67 

RTFAIL 

27 

ADDRD 

68 

12  MHz  IN 

28 

ADDRC 

69 

A5 

29 

ADDRB 

70 

GBR 

30 

ADDRA 

71 

DTSTR 

31 

ADDRP 

72 

R/W 

32 

RTADERR 

73 

HSFAIL 

33 

TXDATA  OUT  B 

74 

A4 

34 

TXDATA  OUT  B 

75 

INCMD 

35 

-15VB 

76 

DTACK 

36 

-15VB 

77 

DTGRT 

37 

+  5VB 

78 

AO 

38 

GNDB 

79 

A1 

39 

RXDATA  IN  B 

80 

A2 

40 

RXDATA  IN  B 

81 

A3 

41 

NC 

82 

NC 

I 
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PIN  1  DENOTED  BY 
CONTRASTING 
COLORED  BEAD 


*0EO  SP 

0.050  = 
(TOL  NON-CUM) 
II  27  =  50  6) 


0  1 71  (MAX) 


00 
'£~(2  0 
  c= 


Note:  Dimensions  are  in  inches  (millimeters). 

FIGURE  7.  BUS-65117  MECHANICAL  OUTLINE  (FLATPACK) 
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0  018  DIA  PIN 

u       (0  51 
(7»  PLACES! 


Note:  Dimensions  are  in  inches  (millimeters). 

FIGURE  8.  BUS-65112  MECHANICAL  OUTLINE  (DDIP) 


ORDERING  INFORMATION 

BUS-65112 -883B 


Reliability  Grade: 
883B  =  Fully  compliant  with  MIL-STD-883. 
B  =  Screened  to  MIL-STD-883  but 
without  QCI  testing. 
Blank  =  o°  to  70°C  operation 


Power  Supply  and  Packaging 

2  =  ±15VDC,  DDIP 

3  =  ±12VDC,  DDIP 

7  =  ±15VDC,  Flatpack 

8  =  ±12VDC.  Flatpack 


ILC  DATA  DEVICE 
CORPORATION   


BUS-65142  AND  BUS-65144 


MIL-STD-1553  DUAL  REDUNDANT 
REMOTE  TERMINAL  HYBRID 

FEATURES 

•  LOW  POWER  &  LOW  COST 

•  HIGH  RELIABILITY 


DESCRIPTION 

The  BUS-65142  is  a  complete  dual  re- 
dundant MIL-STD-1553  Remote  Termi- 
nal Unit  (RTU)  packaged  in  a  small  1 .9" 
x  2.1"  hybrid.  The  device  is  based  upon 
two  DDC  custom  ICs,  which  includes 
two  monolithic  low  power  Mark  II  trans- 
ceivers and  one  CMOS-SOS  RTU  pro- 
tocol containing  data  butters  and  timing 
control  logic.  It  supports  all  13  mode 
codes  for  dual  redundant  operation,  any 
combination  of  which  can  be  illegalized. 
Parallel  data  transfers  are  accomplished 
with  a  DMA  type  handshaking,  compat- 
ible with  most  CPU  types.  Data  transfers 
to/from  memory  are  simplified  by  the 
latched  command  word  and  word  count 
outputs.  Error  detection  and  recovery 


are  enhanced  by  BUS-65142  special 
features.  A  1 4  bit  built-in-test  word  regis- 
ter stores  RTU  information,  and  sends 
it  to  the  Bus  Controller  in  response  to 
the  Mode  Command  Transmit  Bit  Word. 
The  BUS-65142  performs  continuous 
on-line  wrap-around  self-test,  and  pro- 
vides 4  error  flags  to  the  host  CPU.  In- 
puts are  provided  for  host  CPU  control 
of  6  bits  of  the  RTU  Status  Word. 
Its  small  hermetic  package,  -55°C  to 
+  125°C  operating  temperature  range, 
and  complete  RTU  operation  make  the 
BUS-65142  ideal  for  most  MIL-STD- 
1553  applications  requiring  hardware  or 
microprocessor  subsystems. 


•  SOS  &  BIPOLAR 

•  SUPPORTS  ALL  13  MODE  CODES 

•  MODE  CODE/COMMAND  WORD 
ILLEGALIZATION 

•  DMA  TRANSFERS 

•  CONTINUOUS  SELF-TEST 

•  SEAFAC  TESTED  COMPONENTS 

•  BUILT-IN-TEST  WORD  REGISTER 

•  16MHz  DECODERS  OFFER  IM- 
PROVED NOISE  REJECTION  & 
ZERO  CROSSING  DETECTION 


TRANSCEIVER 


WATCHDOG 
TIMEOU* 


TRANSCEIVER 


RT  ADDRESS 


16  MHz  CLOCK  - 


PROCESSOR  C— 

 1 


PROTOCOL 
SEQUENCER 
AND 
CONTROL 
LOGIC 


DDC  CUSTOM  CHIP 


L 


FIGURE  1.  BUS-65142  BLOCK  DIAGRAM 
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BUS-65142  AND  BUS-65144 


SPECIFICATIONS 

PARAMETER 

UNITS 

VALUE 

RECEIVER 

Differential  Input  Impedance 

(DC  to  1  MHz) 

kit 

4min 

Differential  Input  Voltage 

^p-p 

40  max 

Input  Threshold  (Direct  Coupled) 

Vp.p 

0.70  mm.  1  20  max 

CMRR(DCto2MHz) 

dB 

40min 

CMV(DCto2MHz) 

V 

±10min 

TRANSMITTER 

Differential  Output  Voltage 

Direct  Coupled  (Across  1 451!  Load) 

V^„ 

p-p 

30typ 

Transformer  Coupled  (at  Stub) 

v^„ 

p-p 

21typ 

Output  Rise  and  Fall  Times  (Note  7) 

ns 

1 60  typ 

Output  Noise 

mV 

10  max 

LOGIC 

V,H 

V 

2.4  min 

VlL 

V 

0.7  max 

llH(Note1  &6)(V,H  =  2.7V) 

mA 

0.04  min,0.2max 

liH(Note2)(V1H32.4V) 

MA 

±20  max 

1      (Mnto  1  £  tt\l\l     —A  A\l\ 

i(L  (Note  i  a  b)(V|L  — 0.4V) 

mA 

-0.4  max 

I..  (Note2WV„  =-n  7V^ 

,.  A 
MA 

±20  max 

V-   ii\into  'Wll     —  — n  dmii 
voh  W'<->ie  oa'oh  -  u.**mAj 

V 

2.4  min 

vOH  W'Uie  HA'OH  u.«trn«/ 

2.4  min 

2.4  min 

0.4  max 

V 

0.4  max 

0.4  max 

C  ff  =  1  MH7) 

P^ 

50  max 

wq  y  i  —  i  rvi  r  j 

Ph 

10  typ 

Cco(Note6)  (f=1  MHz) 

pF 

50  max 

POWER  ^IIPPI  IF^  fTDTAI  MVRRini 

65142 

65143 

+  5VDC 

Tolerance,  max 

% 

±10 

±10 

Current  Drain,  max 

mA 

115 

115 

-15VDCor-12VDC 

Tolerance,  max 

% 

±5 

±5 

Current  Drain  (Note  81 

Idle,  max 

mA 

70 

70 

50%  Transmit,  max 

mA 

175 

185 

1 00%  Transmit,  max 

mA 

270 

305 

TEMPERATURE  RANGE 

Operating  (Case) 

°C 

-55  to +125 

Storage 

X 

-65  to +150 

PHYSICAL 

Size 

DDIP 

in. 

1.9x2  1  xO.25 

(mm) 

(48x53x6) 

Flatpack 

in. 

1.6x2.19x0.171 

(mm) 

(40.6  x  55.6  x  4.34) 

Weight 

oz(g) 

1.7(41) 

Notes: 

1.  I|H  and  l,L  for  input  pins  12,  13,  14,  15,  53,  54,  55  (30kil  pull-ups) 

2.  I,H  and  l,L  for  input  pins  other  than  in  Note  1. 

3.  VOH  and  VOL  for  output  pins  1.  2,  3.  16,  25.  27,  28,  35,  40,  41,  42. 
65,  73.  78. 

4.  VOH  for  all  output  pins  other  than  in  Note  3. 

5.  VOL  for  output  pins  21.  22.  24,  26,  29,  60.  61,  62.  63,  64. 

6.  VOL  and  C1C  for  pins  43  thru  50  and  4  thru  1 1  (45W!  pull-ups). 

7.  120ns  min.  200ns  max 

8  Measured  at  5.5V;  -15  75V 
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GENERAL 

The  BUS-65142  is  a  complete  dual  redundant  Remote  Ter- 
minal Unit  (RTU)  packaged  in  a  small  1.9"x2.1"  hybrid.  It  is 
fully  compliant  with  MIL-STD-1553B  and  supports  all  mes- 
sage formats.  As  shown  in  Figure  1 ,  it  includes  2  transceivers 
and  a  custom  chip  containing  2  encoders,  2  bit  processors, 
an  RTU  protocol  sequencer  and  control  logic,  output  latches, 
and  buffers.  With  the  addition  of  2  data  bus  transformers  (DDC 
P.N  BUS-25679),  BUS-65142  is  ready  to  connect  to  the 
MIL-STD-1553  data  bus. 

Data  is  transferred  to  and  from  the  subsystem  host  CPU  over 
a  16  bit  parallel  highway,  which  is  isolated  by  a  set  of 
bi-directional  buffers.  All  transfers  are  made  with  a  DMA  type 
handshaking  of  request,  grant,  and  acknowledge.  Read.write 
and  data  strobes  are  provided  to  simplify  interfacing  to 
external  RAM.  Also  simplifying  the  RAM  interface  is  the 
availability  of  latched  command  word  and  an  auto-increment- 
mg  word  counter.  These  signals  may  be  used  as  an  address 
to  map  the  data  directly  to  and  from  RAM. 

BUS-65142  allows  the  subsystem  host  CPU  to  control  6  of 
the  bits  in  the  RTU  status  word.  Of  particular  interest  is  the 
Illegal  Command  input  which  may  be  used  to  set  the  message 
error  bit  and  illegalize  any  command  word.  Four  error  flags 
are  provided  to  the  subsystem  host  CPU  by  the  BUS-65142, 
to  aid  in  assessing  its  condition.  In  addition,  a  continuous 
on-line  self-test  is  performed  by  the  BUS-65142  on  every 
transmission.  The  last  Transmitted  Word  of  each  message  is 
wrapped  around  the  decoder  and  compared  against  the 
Actual  Word  Any  discrepancy  is  flagged  as  an  error 

TIMING 

The  subsystem  host  CPU  interface  to  the  BUS-65142  is  simple 
and  compatible  with  most  microprocessors.  Figures  3  and  4 
illustrate  typical  MIL-STD-1553  messages  of  transmit  data  and 
receive  data,  and  figures  5  and  6  show  RT  to  RT  transfers.  In 
each  case,  NBGT  identifies  the  start  of  the  message,  and 
INCMD  identifies  that  a  command  is  being  processed.  The 
handshake  sequence  DTREQ,  DTGRT,  and  DTACK  is  used  to 
trarisfer  each  word  over  the  parallel  data  highway.  DTSTR  and 
R/W  are  used  to  control  transfers  to  RAM  memory.  GBR 
identifies  a  "good  block  received",  when  a  received  message 
has  passed  all  validation  checks  and  has  the  correct  word 
count.  Buffer  enable  (BUFENA)  must  be  applied  to  enable 
the  internal  three-state  buffers. 

ERROR  FLAGS 

Four  error  flags  are  outputted  to  the  subsystem  to  provide 
information  on  the  condition  of  the  BUS-651 42.  The  Message 
Error  (ME)  line  goes  LOW  if  any  of  the  following  error 
conditions  exist:  format  error,  word  count  error,  invalid  word, 
sync  error,  RT  to  RT  address  error  or  T/R  bit  error.  The 
Remote  Terminal  Failure  (RT  FAIL)  line  goes  LOW  whenever 
the  results  of  the  continuous  wraparound  self-test  shows  a 
aiscrepancy.  or  the  transmitter  watchdog  timeout  has 
occurred.  The  Handshake  Failure  (HS  FAIL)  line  goes  LOW 
whenever  the  subsystem  has  not  responded  to  a  DTREQ 
request  soon  enough  with  a  DTGRT  grant.  The  RT  Address 
Error  (RTAD  ERR)  line  goes  LOW  whenever  the  sum  of  the  5 
address  lines  and  parity  lines  show  a  parity  error  ( the  terminal 
will  not  respond  to  commands  while  this  error  condition 
exists). 


IL.C  DATA  DEVICE 


BUS-65142  AND  BUS-65144 


STATUS  REGISTER 

Six  inputs  to  the  BUS-65142  allow  the  subsystem  host  CPU  to 
control  bits  in  the  RTU  Status  Word.  The  Illegal  Command 
input  may  be  used  to  set  the  Message  Error  bit  in  the  Status 
Word  and  suppress  the  transmission  of  data  to  the  bus 
controller.  This  line  is  particularly  useful  in  illegalizing  any 
combination  of  commands.  The  latched  Command  Word  may 
be  connected  to  the  address  pins  which  lead  to  an  optional 
external  PROM,  that  would  drive  the  Illegal  Command  input 
LOW  when  it  identifies  a  command  that  is  programmed  to  be 
illegal. 

The  Subsystem  Request  (SRQ)  line  is  used  to  set  the  service 
request  bit  in  the  Status  Word.  The  Accept  Dynamic  Bus 
Control  (ADBC)  line  is  used  to  set  the  Bus  Control 
acceptance  bit  in  the  Status  Word,  if  that  mode  command  was 
sent.  The  Remote  Terminal  Flag  (RT  FLAG)  line  is  used  to  set 
the  terminal  flag  bit  in  the  Status  Word.  The  Subsystem  Busy 
(BUSY)  line  is  used  to  set  the  busy  bit  in  the  Status  Word ,  and 
to  inhibit  requests  for  data  from  the  subsystem.  The 
Subsystem  Flag  (SS  FLAG)  line  is  used  to  set  subsystem  flag 
(fault)  bit  in  the  Status  Word. 


BUILT-IN-TEST  WORD 

The  BUS-65142  contains  a  14  bit  Built-in-Test  (BIT)  word 
register  which  stores  information  about  the  condition  of  the 
Remote  Terminal.  When  a  Mode  Command  is  received  to 
transmit  BIT  word,  the  contents  of  this  register  are 
transmitted  over  the  1553  data  bus.  Figure  2  shows  the 
meaning  of  each  bit  in  the  BIT  register.  Information  is 
included  regarding  transmitter  timeouts,  loop  test  failures, 
transmitter  shutdown,  subsystem  handshake  failure,  and  the 
results  of  individual  message  validations. 


MODE  CODES 

The  BUS-65 1 42  implements  all  mode  codes  applicable  to  dual- 
redundant  systems.  Mode  codes  can  also  be  illegalized  using 
the  appropriate  I/O  signals.  Mode  command  illegalization  and 
handling  are  detailed  in  the  RTU  Operation  section  and  listed 
in  table  2. 


|   OATA  SYNC  1 15  |l4[l3|l2  |  11  1 10  |  9  |  8  |  7  |  6  |  5  |  «  |  3  |  2  |  \  \  Q  |  p| 


ALWAYS  ZERO  " 


CHANNEL  B  -  TRANSMITTER  TIMEOUT 
CHANNEL  A  -  TRANSMITTER  TIMEOUT 
CHANNEL  B  -  LOOP  TEST  FAILURE 
CHANNEL  A  -  LOOP  TEST  FAILURE 
CHANNEL  B  —  TRANSMITTER  SHUTDOWN  . 
CHANNEL  A  -  TRANSMITTER  SHUTDOWN 


•  BITS  3-7  ARE  CLEARED  IN  THE  BEGINNING  OF  EACH  NEW 
MESSAGE  AND  UPDATED  AT  THE  END  OF  THE  MESSAGE 
THEY  ONLY  REFLECT  THE  PRESENT  COMMAND  WORD 

•  BITS  0-2. 10-13 ARE  LATCHED  ANO  ABE  ONLY  CLEARED  BY  A 


CHANNEL  A/B  -  TRANSMITTER  TIMEOUT 

HANDSHAKE  FAILURE 

CHANNEL  A/B  -  LOOP  TEST  FAILURE 

MODE  CODE  -  T  R  ERROR 

/  ILLEGAL  OR  RESERVED  MODE  CODE 

\  ILLEGAL  USE  OF  BROADCAST  WITH  MODE  CODE 

MESSAGE  SERVICING  ABORTED  DUE  TO  LOW  WORD  COUNT 
MESSAGE  SERVICING  ABORTED  DUE  TO  HIGH  WORO  COUNT 


•  BITS  6  &  9  ARE  SET  ONLY  BY  THE  MODE  COMMAND  FOR 
"TRANSMITTER  SHUTDOWN"  AND  ARE  CLEARED  BY  THE  MODE 
COMMAND  FOR  -OVERRIOE  TRANSMITTER  SHUTDOWN-  OR 
-RESET  REMOTE  TERMINAL- ALSO  C  ~ 


FIGURE  2.  BUILT-IN-TEST  (BIT)  WORD  REGISTER 


VIM  01 


TRANSMIT  2  WORDS 


15S3BUS        CMO     15  14 


SESQE23BOQDBOQDDQDDD 


NBGT  [ 

— H    [——100  -  150ns 


DTREQ  h-  825  -  925  -^] 


OTACK  1 

I 

RW  | 


 ri — h- 


DTSTR 

A10  (T.'R  BIT] 
DAT/CMD  ' 


"in 


-H    ^-  '00  ■  150ns 

— 


2Ct>  400r> 
I"  " 


HS  FAIL  -J 


TV 

ill 


1 1 

J_L 


i 1 1 
1 1 1 1 


COMMAND  WORD  SUBADDRESS  FIELD 


CURRENT  WORD  COUNT  -  00000 


I  I  I 


1 00ns  man 

^-ff— 


I  I 

I  I 


TT 

1  I 
I  I 


I  I 


■•-825  ■  925ns-» 


275ns-..     U-  I 

Lm-  50ns  m 


475  -  550ns 


-  2  2u.sec  - 


ABE  VALID 
(COMMAND 
WORD  i 

COMMA  NO  WORD 

TRANSFER  TO 
SUBSYSTEM 

START  Of  NEW  ILLCMD  STROBED  IN 
COMMANO  WORD  A0-A4—  0  (CURRENT 
INITIALIZATION  WORD  COUNTER  | 

RTU  REQUESTS  DATA 


NO  MORE 
CONTINUOUS  DATA 
ENCODER 
STARTED  UP 


ENCODER  REGISTERS 
AVAILABLE  FOR  NEXT 

WORD  RTU 
REQUESTS DATA BUS 
FOR  1M  DATA  WORD 
TRANSFER  (RTFAIL 
IS  CLEARED  IF  IT 
WAS  SET) 


STATUS  INPUTS 
STI  


WORD  TRANSFER 


SS  FLAG 

I  RT  FLAG 
25Crs  mm  S«iud  time 
MCLDTIME  600ns  mm 


VIM  02 


ILC  DATA  DEVICE 


BUS-65142  AND  BUS-65144 


CESDBCDDBDQDBQDDQESlKEBBCDDDaDBDDDQD 


20Qns  mm-H    \+  \ 


-H    |-»- 100-  150ns 


I  I 


1  

L*.i00  •  150ns 

Tu1  


0 


TTT 


i  i  i 


CURRENT  WORD  COUNT  =  00001 


CURRENT  WORD  COUNT  =  00010 


100ns  max 
—«  


I  I 
I  I 
++ 


I  I 
I  I 
I  I 


225  -  275ns—  |—- 
475  ■  550ns-» 


INTERNAL  DATA 
SUFFERS  ARE  NOW  " 
INPUTS 


INTERNAL  DATA 
-  "TEAS  ARE  ^ 
INPUTS 


SUBSYSTEM  DATA 
MUST  BE  VALID 


IS  RECOGNIZED, 
DATA TRANSFER 
STARTS  SUBSYSTEM 


ENCODER  REGISTERS 
AVAILABLE  FOR  NEXT 

WORO  RTU 
REQUESTS DATABUS 
FOR  2nd  DATA  WORO 

TRANSFER 


THE DATABUS 


IS  RECOGNIZED 

DATA TRANSFER 
STARTS.  SUBSYSTEM 
SHOULD  BE  DRIVING 
THE  DATABUS 

NOTES: 

1  LEGEND 
I  DONT  CARE 

I  DATA  BU5  IS  UNDEFINED   

2  EACH  WORD  IS  DRIVEN  FOR  =  l8-19ns  ON  D0-D15  IF  BTJFTNA  IS  ACTIVE  - 
THE  LAST  WORD  IS  AVAILABLE  FOR  3  5  TO  4  )j.s  SINCE  THE  STATUS 
WORD  MUST  BE  SUPPORTED 

3  DATA  BUS  IS  SHOWN  WITH  BUT  ENS  CONNECTED  TO  DTACK  (SEE  PIN 
FUNCTION  TABLE  PIN  67  ON  PAGE  16) 

4  THE  POSITION  OF  DTACK  WILL  VARY  DEPENDING  ON  WHEN  DTGRT  IS 
GIVEN  THE  TIME  WILL  BE  100ns  MIN  &  150ns  MAX  FROM  DTREG 

5  HSFAIL  IS  ASSERTED  UPON  EXCESS  DTGRT  RESPONSE  TIME  INCMD  WILL 
SUBSEQUENTLY  GO  LOW  AND  NO  FURTHER  WORD  TRANSFERS  WILL  OCCUR 

6  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET  FLAG 
WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE  INCMD  FALLING  EDGE  CAN  BE 
USED  TO  LATCH  RTF  AIL  STATUS 

7  100ns  mm  -  REPRESENTS  SETUP  TIME  OF  VALID  DATA  BEFORE  THE 
DT5FTB  GOES  LOW  FOR  A  WRITE  CYCLE  A  READ  CYCLE  REQUIRES  VALID 
DATA  150ns  MAX  AFTER  DTACK  GOES  LOW 


FIGURE  3.  TRANSMIT  TIMING  DIAGRAM 
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irmmm  data  bus  is  undefined 

  REPRESENTS  THE  SEQUENCE  OF  EVENTS  IF  THE  COMMAND  WAS 

BROADCAST  NOTE  NO  STATUS  WOULO  BE  TRANSMITTED  ON  1S53  BUS 

2  EACH  WORD  IS  DRIVEN  FOR  =  18-19^5  ON  D0-DI5  IF  IS  ACTIVE  - 
THE  LAST  WORD  IS  AVAILABLE  FOR  3  5  TO  4       SINCE  THE  STATUS 
WORD  MUST  BE  SUPPORTED 

3  DATA  BUS  IS  SHOWN  WITH  BUF  ENA  CONNECTED  TO  DTSCK  ISEE  PIN 
FUNCTION  TABLE.  PIN  67  ON  PAGE  161 

4  THE  TIMING  DIAGRAMS  REPRESENT  A  DTGRT  RESPONSE  TIME  OF  92ys  FOR 
COMMAND  TRANSFER  AND  2  ys  FOR  DATA  THE  POSITION  OF  DTACK  WILL 
VARY  DEPENDING  ON  WHEN  DTGRT  IS  GIVEN 

5  HSFAIL  IS  ASSERTED  UPON  EXCESS  DTGRT  RESPONSE  TIME  GBR  WILL  BE  SET 

6  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET  FLAG 
WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE  INCMD  FALLING  EDGE  CAN  BE 
USED  TO  LATCH  RTFAIL  STATUS 

7  l00ns  m,n  "  REPRESENTS  SETUP  TIME  OF  VALID  DATA  BEFORE  THE 
DTSRB  GOES  LOW 


FIGURE  4.  RECEIVE  TIMING  DIAGRAM 
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NOTES: 

1  LEGEND 

^WVI  DON  T  CARE 

nmurm  data  bus  is  undefined 

 REPRESENTS  THE  SEQUENCE  OF  EVENTS  IF  THE  COMMAND  WAS 

BROADCAST  NOTE.  NO  STATUS  WOULD  BE  TRANSMITTED  ON  1553  SUS 

2  EACH  WORD  IS  DRIVEN  FOR  -18-19(1!  ON  D0-D15  IF  HDFTNS  IS  ACTIVE  - 
THE  LAST  WORO  IS  AVAILABLE  FOR  3  5  TO  4  us  SINCE  THE  STATUS 
WORD  MUST  BE  SUPPORTED  

3  DATA  BUS  IS  SHOWN  WITH  BUT  ENA  CONNECTED  TO  0TXCK  (SEE  PIN 
FUNCTION  TABLE.  PIN  67  ON  PAGE  '6t 

4  THE  TIMING  01  AGRA  MS  REPRESENT  A  OTGRT  RESPONSE  TIME  OF  92us  FOR 
COMMAND  TRANSFER  AND  2  I,*  FOR  DATA  THE  MAXIMUM  RESPONSE  TIME 
FROM  DTREO  TO  DTGRT  TO  GUARANTEE  A  SUCCESSFUL  TRANSFER  IS  1  Sus 
FOR  THE  COMMAND  TRANSFER  AND  2  yjtn  FOR  DATA  TRANSFERS  TO  THE 
SUBSYSTEM  THE  POSITION  OF  OTACK  WILL  VARY  DEPENDING  ON  WHEN 
DTGRT  IS  GIVEN 

5  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET.  FLAG 
WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE  INCMD  FALLING  EDGE  CAN  BE  USED 
TO  LATCH  RETfAIL  STATUS 

6  100ns  mm  -  REPRESENTS  SETUP  TIME  OF  VALID  DATA  BEFORE  THE 
DTSTTB  GOES  LOW 


FIGURE  5.  RT  TO  RT  (RECEIVE)  TIMING  DIAGRAM 
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THE  LAST  WORD  IS  AVAILABLE  FOR  3  5  TO  4  jj.s  SINCE  THE  STATUS 
WORD  MUST  BE  SUPPORTEO  

3  DATA  BUS  IS  SHOWN  WITH  BUT  ENA  CONNECTED  TO  DTACK  (SEE  PIN 
FUNCTION  TABLE.  PIN  67  ON  PAGE  16) 

4  THE  TIMING  DIAGRAMS  REPRESENT  A  DTGRT  RESPONSE  TIME  OF  92wsec  FOR 
COMMAND  WORD  TRANSFER  AND  2.44a  FOR  THE  DATA  WORDS  THE  MAXIMUM 
RESPONSE  TIME  FROM  OTREQ  TO  DTGRT  TO  GUARANTEE  A  SUCCESSFUL 
TRANSFER  IS  1  5ms  FOR  THE  COMMAND  WORD  AND  15  4*3  FOR  THE  DATA 
TRANSFER  FROM  THE  SUBSYSTEM  THE  POSITION  OF  DTACK  WILL  VARY 
DEPENDING  ON  WHEN  DTGRT  IS  GIVEN  THE  MINIMUM  TIME  WILL  BE  166ns 
FROM  DTREQ 

5.RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET  FLAG 
WILL  REMAIN  SET  FOR  ENTIRE  MESSAGE  INCMD  FALLING  EDGE  CAN  BE 
USED  TO  LATCH  RTFAIL  STATUS 

6  lOOnsmin  -  REPRESENTS  SETUP  TIME  OF  VALID  DATA  BEFORE  THE 
DTSHB  GOES  LOW 


FIGURE  6.  RT  TO  RT  (TRANSMIT)  TIMING  DIAGRAM 
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TABLE  2.  MODE  CODES 


DYNAMIC  BUS  CONTROL  (00000) 

MESSAGE  SEQUENCE  =  DBC  *  STATUS 

The  BUS-65 1 42  responds  with  status.  If  the  subsystem  wants  control  of  the  bus,  it  must  set  DBACC  within  the  Configuration  Register. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


SYNCHRONIZE  WITHOUT  DATA  WORD  (00001) 
MESSAGE  SEQUENCE  =  SYNC  *  STATUS 

The  BUS-65 1 42  responds  with  status.  If  sent  as  a  broadcast,  the  broadcast  receive  bit  will  be  set  and  status  response  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


TRANSMIT  STATUS  WORD  (00010) 

MESSAGE  SEQUENCE  =  TRANSMIT  STATUS  *  STATUS 

The  status  and  BIT  word  registers  are  not  altered  by  this  command  and  contain  the  resulting  status  from  the  previous  command. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW).  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word) 


INITIATE  SELF-TEST  (00011) 

MESSAGE  SEQUENCE  =  SELF-TEST  *  STATUS 

The  BUS-65142  responds  with  a  status  word.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status 
transmission  suppressed.  Short-loop  test  is  initiated  on  the  status  word  transmitted.  If  the  test  fails,  an  RT  fail  flag  is  set. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error 
(BIT  Word). 

5.  Faulty  Test.  Bits  set:  terminal  flag  (SW).  A/B  Loop  Test  Fail,  Current  1553  Bus  (A  or  B)  Loop  Test  Fail  (BIT  Word). 

TRANSMITTER  SHUTDOWN  (00100) 

MESSAGE  SEQUENCE  =  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-65142  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65142  inhibits  any  further  transmission  from  the  dual  redundant  channel.  Once  shutdown,  the  transmitter 
can  only  be  reactivated  by  Override  Transmitter  Shutdown  or  RESET  RT  commands. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


*  =  Status  response  time 
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 TABLE  2.  MODE  CODES  (CONTINUED)  

OVERRIDE  TRANSMITTER  SHUTDOWN  (00101) 

MESSAGE  SEQUENCE  =  OVERRIDE  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-65142  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65142  re-enables  the  transmitter  of  the  redundant  bus.  If  the  command  was  broadcast,  the  broadcast 
received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW).  T  R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


INHIBIT  TERMINAL  FLAG  BIT  (00110) 

MESSAGE  SEQUENCE  =  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  BUS-65142  responds  with  status  and  inhibits  further  internal  or  external  setting  of  the  terminal  flag  bit  in  the  status  register. 
Once  the  terminal  flag  has  been  inhibited,  it  can  only  be  reactivated  by  an  Override  Inhibit  Terminal  Flag  or  Reset  RT  command. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW).  T'R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


OVERRIDE  INHIBIT  TERMINAL  FLAG  BIT  (00111) 

MESSAGE  SEQUENCE  =  OVERRIDE  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  RTU  responds  with  status  and  reactivates  the  terminal  flag  bit  in  the  status  register.  If  the  command  was  broadcast,  the 
broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


RESET  REMOTE  TERMINAL  (01000) 

MESSAGE  SEQUENCE  =  RESET  REMOTE  TERMINAL  *  STATUS 

The  BUS-65 1 42  responds  with  status  and  internally  resets.  Transmitter  shutdown,  mode  commands.  BIT  Word,  and  inhibit  terminal 
flag  commands  will  be  reset.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  the  status  word  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 

RESERVED  MODE  CODES  (01001-01111) 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODES  *  STATUS 

The  BUS-65142  responds  with  clear  status  and  no  data.  If  the  command  is  illegalieed  through  an  optional  PROM,  the  message 
error  bit  is  set  and  only  the  status  word  is  transmitted. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW).  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW).  Illegal  Mode  Code  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode 
Code  (BIT  Word). 


*  =  Status  response  time 
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TABLE  2.  MODE  CODES  (CONTINUED) 


TRANSMIT  VECTOR  WORD  (10000) 

MESSAGE  SEQUENCE  =  TRANSMIT  VECTOR  WORD  *  STATUS  VECTOR  WORD 

The  BUS-65142  transmits  a  status  word  followed  by  a  vector  word. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error,  Low  Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  (BIT  Word). 


SYNCHRONIZE  WITH  DATA  WORD  (10001) 

MESSAGE  SEQUENCE  =  SYNCHRONIZE  DATA  WORD  *  STATUS 

The  data  word  received  following  the  command  word  is  transferred  to  the  RAM.  The  status  word  is  then  transmitted.  If  the 
command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

4.  Command  T/Rblt  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  Zero  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received 
(SW),  High  Word  Count,  T/R  Error  (BIT  Word). 


TRANSMIT  LAST  COMMAND  (10010) 

MESSAGE  SEQUENCE  =  TRANSMIT  LAST  COMMAND  *  STATUS  LAST  COMMAND 

The  status  and  BIT  word  registers  are  not  altered  by  this  command.  The  SW  contains  the  status  from  the  previous  command. 
The  data  word  transmitted  contains  the  previous  valid  command  (providing  it  was  not  another  TRANSMIT  LAST  COMMAND). 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


TRANSMIT  BIT  WORD  (10011) 

MESSAGE  SEQUENCE  =  TRANSMIT  BIT  WORD  *  STATUS  BIT  WORD 

The  BUS-651 42  responds  with  status  followed  by  the  BIT  word.  The  BIT  word  is  not  altered  by  this  command:  however,  the  next 
SW  will  reflect  errors  in  this  transmission. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bit  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error,  Low 
Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


*  =  Status  response  time 
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PIN  FUNCTION  TABLE 

PIN 

FUNCTION 

DESCRIPTION 

1 

A9 

Latched  output  of  the  most  significant  bit  (MSB)  in  the 
subaddress  field  of  the  command  word. 

2 

A7 

Latched  output  of  the  third  most  significant  bit  in  the 
subaddress  field  of  the  command  word. 

3 

A5 

Latched  output  of  the  least  significant  bit  (LSB)  in  the 
subaddress  field  of  the  command  word. 

4 

OBI 

Bi-directional  parallel  data  bus  Bit  1 

5 

DB3 

Bi-directional  parallel  data  bus  Bit  3 

6 

OB5 

Bi-directional  parallel  data  bus  Bit  5 

7 

DB7 

Bi-directional  parallel  data  bus  Bit  7 

8 

DB9 

Bi-directional  parallel  data  bus  Bit  9 

9 

DB11 

Bi-directional  parallel  data  bus  Bit  1 1 

10 

DB13 

Bi-directional  parallel  data  bus  Bit  1 3 

11 

DB15 

Bi-directional  parallel  data  bus  Bit  15  (MSB) 

12 

BRO  ENA 

Broadcast  enable  -  when  HIGH,  this  input  allows 
recognition  of  an  RT  address  of  all  ones  in  the 
command  word  as  a  broadcast  message.  When  LOW, 
it  prevents  response  to  RT  address  31  unless  it  was 
the  assigned  term  i  nal  address. 

13 

ADORE 

Input  of  the  MSB  of  the  assigned  terminal  address. 

14 

ADDRC 

Input  of  the  3rd  MSB  of  the  assigned  terminal  address. 

15 

ADORA 

Input  of  the  LSB  of  the  assigned  terminal  address. 

16 

RTADERR 

Output  signal  used  to  inform  subsystem  of  an  address 
parity  error.  If  LOW,  indicates  parity  error  and  the  RT 
will  not  respond  to  any  command  address  to  a  single 
terminal.  It  will  respond  to  broadcast  commands  if 
BRO  ENA  is  HIGH. 

17 

TXDATA  B 

LOW  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  to  the  B  channel  of  the  1 553  Bus. 

18 

NC 

19 

GNOB 

Power  supply  return  connection  for  the  B  channel 
transceiver. 

20 

RXDATA  B 

Input  from  the  HIGH  side  of  the  primary  side  of  the 
coupling  transformer  that  connects  to  the  B  channel 
of  the  1553  Bus. 

21 

A3 

Multiplexed  address  line  output.  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Cornmsnd),  it  rBprssonts  the  IfltchBO*  output  of  the  2nd 
fviSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  2ns  MSB  ol  the 
current  word  counter. 

22 

A1 

Multiplexed  address  line  output  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  ol  the  2nd 
LSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  Ihru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  2nd  LSB  of  the 
current  word  counter 

PIN  FUNCTION  TABLE 


PIN  FUNCTION 


25 


26 


27 


28 


31 


34 


35 


36 


37 


DTGRT 


INCMO 


HSFAIL 


OTSTR 


(DAT/CMD) 


RTFAIL 


DTREQ 


TEST  2 


A10  (T/R) 


SRQ 


BITEN 


RXDATA  A 


+  5VA 


DESCRIPTION 


Data  transfer  grant  -  active  LOW  input  signal  from 
the  subsystem  that  informs  the  RT,  when  DTREQ  is 
asserted,  to  start  the  transfer  Once  transfer  is  started, 
DTGRT  can  be  removed. 


In  Command  -  HIGH  level  output  signal  used  to 
inform  the  subsystem  that  the  RT  is  presently 
servicing  a  command. 


Handshake  Fail  -  output  signal  that  goes  LOW  and 
stays  LOW  whenever  the  subsystem  fails  to  supply 
DTGRT  in  time  to  do  a  successful  transfer.  Cleared  by 
the  next  NBGT. 


A  LOW  level  output  pulse  1 1 66ns)  present  in  the  middle 
of  every  data  word  transfer  over  the  parallel  data  bus. 
Used  to  latch  or  strobe  the  data  into  memory,  FIFOs, 
registers,  etc.  Recommend  using  the  rising  edge  to 
clock  data  in. 


Address  line  output  that  is  LOW  whenever  the 
command  word  is  being  transferred  to  the  subsystem 
over  the  parallel  data  bus,  and  is  HIGH  whenever 
data  words  are  being  transferred. 


Remote  Terminal  Failure  —  latched  active  LOW 
output  signal  to  the  subsystem  to  flag  detection  of  a 
remote  terminal  continuous  self -test  failure.  Also  set 
if  The  Watchdog  Timeout  circuit  is  activated.  Cleared 
by  the  start  of  the  next  message  transmission  (status 
word)and  set  if  problem  is  again  detected. 


Data  Transfer  Request  -  active  LOW  output  signal  to 
the  subsystem  indicating  that  the  RT  has  data  for  or 
needs  data  from  the  subsystem  and  requests  a  data 
transfer  over  the  parallel  data  bus.  Will  stay  LOW  until 
transfer  is  completed  or  transfer  timeout  has  occurred. 


Accept  Dynamic  Bus  Control  -  active  LOW  input 
signal  from  subsystem  used  to  set  the  Dynamic  Bus 
Control  Acceptance  bit  in  the  status  register  if  the 
command  word  was  a  valid,  legal  mode  command 
for  dynamic  bus  control. 


Factory  test  point  output  -  DO  NOT  USE. 
(see  note  1)* 


Latched  output  of  the  T/R  bit  in  the  command  word. 


Illegal  Command  -  Active  LOW  input  signal  from  the 
subsystem,  strobed  in  on  the  rising  edge  of  INCMD. 
Used  to  define  the  command  word  as  illegal  and  to  set 
the  message  error  bit  in  the  status  register. 


Subsystem  Service  Request  -  Input  from  the  sub- 
system used  to  control  the  Service  Request  Bit  in  the 
status  register.  If  LOW  when  the  status  word  is  up- 
dated, the  Service  Request  Bit  will  be  set;  if  HIGH,  it 
will  be  cleared. 


Built-in-Test  Word  Enable  -  LOW  level  output  pulse 
(.5*isec),  present  when  the  built-in-test  word  is 
enabled  on  the  parallel  data  bus. 


Input  from  the  LOW  side  of  the  primary  side  of  the 
coupling  transformer  that  connects  to  the  A  Channel 
of  the  1553  Bus. 


+  5  volt  input  power  supply  connection  for  the 
A  channel  transceiver. 


■  See  notes  at  end  of  table. 
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PIN 

FUNCTION 

DESCRIPTION 

38 

-15VA 

-  15  volt  input  power  supply  connection  forthe 
A  Channel  transceiver. 

39 

TXDATA A 

HIGH  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  totheAchannelofthel  553  Bus. 

40 

NBGT 

New  Bus  Grant  -  LOW  level  output  pulse  (166  ns) 
used  to  indicate  the  start  of  a  new  protocol  sequence 
in  response  to  the  command  word  just  received. 

41 

A8 

Latched  output  of  the  2nd  MSB  in  the  subaddress 
field  of  the  command  word. 

A6 

Latched  output  ofthe  2nd  LS8  in  the  subaddress 
field  of  the  command  word. 

43 

DBO 

Bidirectional  parallel  data  bus  Bit  0  ( LS8) 

44 

DB2 

Bidirectional  parallel  data  bus  Bit  2 

45 

DB4 

Bidirectional  parallel  data  bus  Bit  4 

46 

0B6 

Bidirectional  parallel  data  bus  Bit  6 

47 

DBS 

Bidirectional  parallel  data  bus  Bit  8 

48 

DB10 

Bidirectional  parallel  data  bus  Bit  10 

49 

DB12 

Bidirectional  parallel  data  bus  Bit  1 2 

DB14 

Bidirectional  parallel  data  bus  Bit  14 

51 

+  5V 

■+■  ^  Unit  innnt  rtrMA/& r  tiinnlu  rnnnorf  inn  f r\ r  Q Tl  1 
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digital  logic  section. 

52 

GND 

Power  supply  return  for  RTU  digital  logic  section. 

53 

ADDRD 

Input  of  the  2nd  MSB  of  the  assigned  terminal  address. 

54 

AOORB 

Input  of  the  2nd  LSB  of  the  assigned  terminal  address. 

55 

ADORP 

Input  of  Address  Parity  Bit.  The  combination  of 
assigned  terminal  address  and  AODRP  must  be  odd 
parity  for  the  RT  to  work. 

56 

TXDATA  B 

HIGH,  output  to  the  primary  side  of  the  coupling  trans- 
former that  connects  to  the  B  Channel  of  the  1553  Bus. 

57 

-15VB 

- 1 5  volt  input  power  supply  connection  for  the 
B  channel  transceiver. 

58 

+  5VB 

f  5  volt  input  power  supply  connection  forthe 
B  channel  transceiver. 

59 

RXDATA 8 

Input  from  the  LOW  side  of  the  primary  side  of  the 
primary  side  of  the  coupling  transformer  that 
connects  to  the  B  Channel  of  the  1553  Bus. 

60 

A2 

Multiplexed  address  line  output  When  INCMO  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
CommandJ.it  represents  the  latched  output  of  the  3rd 
MSB  in  the  word  count  field  of  the  command  word 
When  INCMO  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  3rd  MSB  of  the 
current  word  counter 

61 

AO 

Multiplexed  address  line  output  When  INCMD  is  LOW 
or  A6  thru  A10  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  of  the 
LSB  in  the  word  count  field  of  the  command  word 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
Zbroes  or  all  ones,  it  represents  the  LSB  of  the 
current  word  counter 

62 

DTACK 

Data  Transfer  Acknowledge  -  active  LOW  output 
signal  during  data  transfers  to  or  from  the  subsystem 
indicating  the  RTU  has  received  the  DTGRT  in 
response  to  DTREQ  and  is  presently  doing  the  transfer. 
Can  be  connected  directly  to  pin  67  (BUF  E  NA)  for  con- 
trol of  tri-state  data  buffers;  and  to  tri-state  address 
buffer  control  lines,  if  they  are  used. 

PIN 

FUNCTION 

DESCRIPTION 

63 

A4 

Multiplexed  address  line  output  When  INCMD  is  LOW 
or  A6  thru  AlO  are  all  zeroes  or  all  ones  (Mode 
Command),  it  represents  the  latched  output  of  the 
MSB  in  the  word  count  field  of  the  command  word. 
When  INCMD  is  HIGH  and  A6  thru  A10  are  not  all 
zeroes  or  all  ones,  it  represents  the  MSB  of  the 
current  word  counter 

64 

R/W 

Read/Write  -  output  signal  that  controls  the  direction 
of  the  internal  data  bus  buffers.  Normally,  the  signal 
is  LOW  and  the  buffers  drive  the  data  bus.  When  data 
is  needed  from  the  subsystem,  it  goes  HIGH  to  turn 
the  buffers  around  and  the  RT  now  appears  as  an  input 
The  signal  is  HIGH  only  when  DTREQ  is  active  (LOW). 

65 

GBR 

Good  Block  Received  -  LOW  level  output  pulse  Ib^sec) 
used  to  flag  the  subsystem  that  a  valid,  legal,  non- 
mode  receive  command  with  the  correct  number  of 
data  words  has  been  received  without  a  message 
error  and  successfully  transferred  to  the  subsystem. 

66 

16MHz  IN 

16MHz  Clock  Input  -  input  forthe  master  clock  used 
to  run  RTU  circuits. 

67 

BUF  ENA 

Buffer  Enable  -  input  used  to  enable  or  tri-state  the 
internal  data  bus  buffers  when  they  are  driving  the  bus. 
When  LOW,  the  data  bus  buffers  are  enabled.  Could 
be  connected  to  DTACK  (Pin  62)  if  RT  is  sharing  the 
same  data  bus  as  the  subsystem,  (see  note  2)* 

68 

RESET 

Input  resets  entire  RT  when  LOW. 

69 

RTFLAG 

Remote  Terminal  Flag  -  input  signal  used  to  control 
the  terminal  flag  bit  in  the  status  register.  If  LOW  when 
the  status  word  is  updated,  the  terminal  flag  bit  would 
be  set;  if  HIGH,  it  would  be  cleared.  Normally 
connected  to  RTFAIL  (Pin  28). 

70 

TEST  1 

Watchdog  Timeout  test  point  -  DO  NOT  USE. 
isee  note  3)"  (input) 

71 

BUSY 

Subsystem  Busy  -  input  from  the  subsystem  used  to 
control  the  busy  bit  in  the  status  register.  If  LOW  when 
the  status  word  is  updated,  the  busy  bit  will  beset;  if 
HIGH,  it  will  be  cleared.  If  the  busy  bit  is  set  in  the 
status  register,  no  data  will  be  requested  from  the  sub- 
system in  response  to  a  transmit  command.  On 
receive  commands,  data  will  still  be  transferred  to 
subsystem. 

72 

SSFLAG 

Subsystem  Flag  -  input  from  the  subsystem  used  to 
control  the  subsystem  flag  bit  in  the  status  register.  If 
LOW  when  the  status  word  is  updated,  the  subsystem 
flag  will  be  set;  if  HIGH,  it  will  be  cleared. 

73 

ME 

Message  Error  -  output  signal  that  goes  LOW  and 
stays  LOW  whenever  there  is  a  format  or  word  error 
with  the  received  message  over  the  1553  Data  Bus. 
Cleared  by  the  next  NBGT. 

74 

RXDATA  A 

Input  from  the  HIGH  side  of  the  primary  side  of  the 
coupling  transformer  that  connects  to  the  A  channel 
ofthe  1553  Bus. 

75 

GNDA 

Power  supply  return  connection  forthe  A  Channel 
transceiver. 

76 

NC 

77 

TXDATA  A 

LOW  output  to  the  primary  side  ofthe  coupling  trans- 
former that  connects  to  the  A  channel  of  the  1553  Bus. 

78 

STATE N 

Status  Word  Enable  -  LOW  level  active  output  signal 
present  when  the  status  word  is  enabled  on  the 
parallel  data  bus. 

■  See  notes  at  end  of  table. 
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TABLE  2.  MODE  CODES  (CONTINUED) 


SELECTED  TRANSMITTER  SHUTDOWN  (10100) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  is  transferred  to  the  subsystem  and  status  is  transmitted.  No  other  action  is  taken  by  the  BUS-65142 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed.  Intended  for  use  with  RTs 
with  more  than  one  dual  redundant  channel. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode 
Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/RbitSettoOne.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code.  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 


OVERRIDE  SELECTED  TRANSMITTER  SHUTDOWN  (10101) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  after  the  command  word  is  transferred  to  the  subsystem.  No  other  action  is  taken  by  the  BUS-65142. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/Rbit  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count,  T/R  Error  (BIT  Word). 


RESERVED  MODE  CODES  (10110  -  11111) 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODE  (T/R  =  1)  *  STATUS 
RESERVED  MODE  CODE  (T/R  =  0)  *  STATUS 

If  Valid  (T/R  =  0) 

The  BUS-65142  responds  with  status.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmis- 
sion suppressed.  If  the  command  is  illegalized  through  an  optional  PROM,  the  message  error  bit  is  set  and  only  the  status 
word  is  transmitted. 

If  Invalid  (T/R  =  1) 

Respond  with  status  and  1  data  word. 

ERROR  CONDITIONS  (T/R  =  1) 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

ERROR  CONDITIONS  (T/R  =  0) 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  not  Followed  by  Contiguous  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count, 
Illegal  Mode  Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 


UNDEFINED  MODE  CODES 

(T/R  =0,  MODE  CODE  00000  TO  01111) 

No  Response,  set  message  error  bit. 


*  =  Status  response  time 
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PIN  FUNCTION  TABLE  NOTES: 

1:  PIN  31  -   FACTORY  TEST  POINT  OUTPUT 

This  ptn  provides  the  output  of  the  BUS-651 42  BIT  Comparison 
output.  It  indicates  the  loop  test  results  for  every  word  trans- 
mitted by  the  BUS-651 42.  A  test  can  be  performed  by  actioning 
the  RTU  to  transmit  while  the  test  fixture  opens  the  receiver 
lines  to  force  an  error  condition.  A  logic  1  (high)  indicates  the 
loop  test  passed.  Normally  this  pin  is  left  open. 


PIN  67  -  BUF  ENA 

This  pin  is  typically  tied  to  DTACK,  causing  the  BUS-65142  to 
drive  the  shared  data  bus  only  while  DTACK  is  active  If  desired, 
BUF  ENA  can  be  grounded.  The  data  will  remain  latched  on 


the  data  bus  pins  for  18u.s  from  DTSRB  and  3  5u.s  for  the  last 
word  of  a  message  as  the  device  s  status  word  or  BIT  word  is 
transferred  to  the  BC  (STAT EN  or  BITEN  low).  Once  the 
STATUS  or  BIT  Word  transfer  is  complete,  the  data  bus  will 
automatically  again  contain  the  last  data  word  The  BUS-651 42 
will  automatically  switch  the  direction  of  the  internal  buffers 
during  a  transmit  operation 

PIN  70-  TEST  1 

This  test  allows  the  user  to  force  the  active  channel  to  transmit 
indefinitely,  in  order  to  test  the  built  in  Watchdog  Timer  feature 
of  the  BUS-65142.  When  this  pin  is  grounded  and  the  active 
channel  is  stimulated  with  a  valid  transmit  command,  the 
BUS-65142  will  respond  with  a  status  word  and  contiguous 
data  (last  data  word  loaded  or  STATUS  WORD  if  none 
loaded)  until  the  built-in  time-out  occurs  Normally  this  pin  is 
left  open  or  an  optional  pull-up  can  be  used. 
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FIGURE  7.  BUS-65142  MECHANICAL  OUTLINE  (DOIP) 


ORDERING  INFORMATION 

BUS-65142-883 

^  Reliability  Grade: 

883B  =    Fully  compliant  with  MIL-STD-883. 

B  =    Screened  to  MIL-STD-883  but  without  QCI  testing. 

■  Power  Supply  Option  &  Packaging 

2=    -15VDC  DDIP 
3=    -12VDC  DDIP 
4=    -15VDC  Flatpack 
5=    -12VDC  Flatpack 


Mating  Data  Bus  Transformers: 

for  BUS-65142  use  DDC  BUS-25679 
for  BUS-651 43  use  DDC  BUS-29854 


C 
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DESCRIPTION 

The  BUS-65149  is  the  world's  first  dual 
redundant  universal  MIL-STD-1553  Remote 
Terminal  (RT)  hybrid.  The  BUS-65149  fea- 
tures a  universal  sinusoidal  transceiver  and 
pin  selectable  options  providing  for  support  of 
MIL-STD-1553A;  MIL-STD-1553B;  McAIR 
A381 8,  A5232,  and  A5690;  the  various  G.O. 
F1 6  protocols;  and  GRUMMAN  SPG1 51  A. 

The  BUS-651 49  provides  all  of  the  functions 
required  to  interface  between  a  MIL-STD- 
1553  dual  redundant  serial  data  bus  and  a 
subsystem  parallel  three-state  data  bus.  A 
pair  of  BUS-27765  transformers  are  required 
to  interface  between  the  BUS-65149  and  the 
1 553  bus.  See  Figure  1 ,  block  diagram. 

The  BUS-65149  is  compatible  with  all 
microprocessors,  supporting  both  DMA  and 
shared  RAM  interfaces.  In  addition,  the  8/1 6- 
bit  direct  memory  interface  (DMA)  handshake 


MIL-STD-1553A/B  &  McAIR 
UNIVERSAL  MULTI-PROTOCOL  REMOTE  TERMINAL 


FEATURES 

•  SUPPORTS: 

-  MIL-STD-1553A/B 

-  McAIR  A3818,  A5232,  AND  A5690 

-  GENERAL  DYNAMICS  16PP303  (F16) 
•  GRUMMAN  SPG151A 

•  DUAL  UNIVERSAL  TRANSCEIVER 

SATISFIES  McAIR  AND  1553A/B 

•  SUPPORTS  1553A/B  MODE  CODES 

•  INTERNAL  AND  EXTERNAL  OP- 

TIONS FOR  STATUS  AND  BIT 
WORDS 

•  INTERFACE  FLEXIBILITY 

-  SIMPLE  SYSTEMS 

-  8/16-BIT  DMA  OR  SHARED  RAM 

•  SUPPORTS  COMMAND 

ILLEGALIZATION 

•  CONTINUOUS  ON-LINE, 

BUILT-IN-TEST 

•  12  OR  16  MHZ  CLOCK  OPERATION 


and  three-state  parallel  data  and  address 
busesfacilitatethe  interface  to  simple  systems 
without  a  microprocessor. 
The  BUS-65149  implements  all  MIL-STD- 
1553  message  formats.  Complete  error 
detection  capability  is  provided.  This  includes 
sync,  encoding,  parity,  bit  and  word  count, 
undefined  commands,  and  RT-to-RT  transfer 
errors. 

The  BUS-65149  features  the  capability  for 
implementing  all  dual  redundant  MIL-STD- 
1553B  mode  codes.  In  addition,  any  com- 
mand may  (optionally)  be  illegalized  through 
the  use  of  an  external  PROM,  PAL,  or  RAM 
device. 

The  device  is  available  screened  to  MIL- 
STDS83BinaMIL-STD-1772certifiedfacility 
and  operates  over  thefull  military  temperature 
range  of -55°  C  to +1 25°  C. 
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FIGURE  1.  BUS-65149  BLOCK  DIAGRAM 
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■MM*  ■.  DU9-W14H  PHbUMINARY  SPECIFICATIONS 

Specifications  are  applicable  over  the  full  range  of  temperature  and 

pwiwr  supply  vmiugw. 

PARAUFTFR 
rnnwic  i  en 

VAI  IIC 
VALUE 

ABSOLUTE  IIAYIMIJI1  RATIMftft 

net- 7n 

Supply  Voltage 

45 

V 

+12/15 

v 

-12/-!  5 

v 

+0  3  to  -18  0 

Input  Voltage  Range 

v 

-  5  to  VcH  j.  S 

Operating  Temperature  Range 

°c 

-55  to  125 

Storafie  Tfimnoratiira  Ranno 

°c 

RECOUUFNDFn  OPPRATIKIA 
ncMiMMcnucu  wrcrw  i  mu 

CONDITIONS 

Sunolv  Vnltana  -*-S 

w 

V 

4.0  ft?  0,0 

+12/15 

w 

+  1 1.4  10  +1O./0 

-12/15 

v 

-  1  1  .**  UJ  -  1  a.  /  o 

Incut  VoltanA  Rann« 
input  »wiiayw  nai  lyo 

y 

U  ID  VOO 

RECEIVER 

Differential  Input  Voltage 

40  max 

Differential  Input  Resistance 

IDC  to  1  0  MHz) 

K  Ohm 

. 

7  mm 

umtnwiiudi  input  Odfjdauijicy 

P' 

5  max 

Threshold  Voltaae  /Direct  Couoladi 

Vivn 

vp-p 

u.qi Tiift,  i  ,u  max 

CMRR  ftfimunh  RlJ<$-977fi<; 
vivinn  ^uiiwuii  duo^c/ /do 

trans  fnrm  a  ri 
u  cu  toiui  it  101  / 

HR 
QD 

45  min 

TRANSMITTER 

Differential  Outout  Voltaae 

Direct  Couoled  Actors 

140  Ohm  load 

vp-p 

AC\  may 

Direct  Coupled  on  Bus, 

35  Ohm  Load 

Vd-d 

6.4  min,  9.0  max 

Transformer  Coupled  on  Stub, 

70  Ohm  Load 

Vd-o 

18,5  min  27  max 

Differential  Output  Noise 

10  max 

Output  Resistance  (Transmitter  Off) 

KOhm 

10  min 

fil  iItm  it  f  ana^itanro  /Tran»miHor 

wuifjui  ^/dpduidncti  1 1  ransmiLioT  un) 

P' 

5  max 

wui^iui  ^iibwi  vuiiago,  uireci  isoupieo, 

Across  35  Ohm  Load 

±90  max 

Rise/Fall  Time 

280  typ 

LOGIC 

V(IH) 

V 

2.0  min 

V(IL) 

V 

0.8  max 

V(OH)     (IOH  =  max) 

V 

2.4  min 

V(OL)  (lOL-max) 

V 

0.4  max 

l(IH)       (GNDsVinS  VDD) 

uA 

±1.0 

l(IL)        (GNDs  VinsVDD) 

uA 

±1.0 

KOH) 

uA 

400  max 

1(01) 

mA 

-4.0  max 
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TABLE  1.  BUS-65149  PRELIMINARY  SPECIFICATIONS  (continued) 


CLOCK  INPUT 

16  MHz 

Priam  lan^u  Tn^iranra 

rrwquwncy  i  uierance 

0/ 
VO 

±0. 1  %max  (long 

term);  ±0.01% 

max  (short  term 

Duty  Cycle 

% 

33  min,  67  max 

12  MHz 

Frequency  Tolerance 

% 

+  01  %mav 

-L.  V.  |  /OIIIQLA 

/I Ann  torm\- 
\iUliy  loftily, 

±0.01%  (short 

term,  1  sec) 

Duty  Cycle 

% 

A()  min  fift  may 

tv  HUM,  uv  lllaA 

CURRENT  DRAIN 

+5V 

mA 

75  tvo  115  ma  * 

'  w  IJTf'i    1  lw  II1C&A 

+12/15V 

Idle 

mA 

48  tvo  60  max 

50%  Duty  Cycle 

mA 

10fi  tvn   1  "\A  may 

1  V\J  vH>    1  W*T  IIIOA 

-12/15V 

Idle 

mA 

102  typ,  130  max 

50%  Duty  Cycle 

mA 

164  typ,  195  max 

POWER  DISSIPATION 

±12V  Supply 

Idle-Total  Hybrid 

W 

2.175  typ,  2.865 

Idle-Hottest  Die  (see  note) 

W 

max 
0.000 

50%  Duty  Cvde  —Total  Hvbrid 

W 

?  flQO  tvn  ^  flPO 

max 

50%  Duty  Cycle  —  Hottest  Die  (see 

w 

0.120  typ,  0.145 

note; 

max 

±1 5  V  Supply 

Idle-Total  Hybrid 

w 

2.635  typ,  3.285 

max 

Idle-Hottest  Die  (see  note) 

w 

0.000 

50%  Duty  Cycle  —Total  Hybrid 

w 

3.220  typ,  4.085 

max 

50%  Dutv  Cvde  Hottofit  Din  *raa 

w 

n  fi7<;  tun  n  no/i 
w.u/o  iyPi  w.vsav 

note 

max 

PHYSICAL  CHARACTERISTICS 

Size 

90-pin  DIP  hybrid 

in 

2.38x2.0x0.25 

(mm) 

(60.3x50.8x6.34) 

Note:  Hottest  Die  is  defined  as  the  driver 

ransistors. 

GENERAL 

The  BUS-65149  is  a  complete  MIL-STD-1553  Remote  Terminal 
(RT)  bus  interface  unit.  Contained  in  the  hybrid  are  a  dual 
universal  transceiver  and  Manchester  II  encoder/decoder, 
Remote  Terminal  (RT)  protocol  logic  for  MIL-STD-1553A,  MIL- 
STD-1 553B;  McAIR  A3838,  A5232,  and  A5690;  the  various  G.D. 
protocols  for  F16;  and  Grumman  SPG151A.  Also  included  are 
built  in  self-test  capability  and  a  parallel  subsystem  interface.  The 
subsystem  interface  includes  a  1 4-bit  address  bus  and  a  data  bus 
that  may  be  configured  for  either  8-bit  or  1 6-bit  DMA  transfers. 


ILC  DATA  DEVICE 

CORPOPATION   

The  analog  front  end  of  the  BUS-65149  consists  of  a  dual 
redundant  universal  transceiver.  The  universal  transceiver  may 
be  powered  from  a  supply  voltage  in  the  range  of  ±1 2  to  ±1 5  volts. 
The  dual  receiver  is  based  on  DDC's  latest  low-power  bipolar 
transceiver  monolithic.  The  dual  transmitter  provides  sinusoidal 
complimentary  voltage  source  outputs.  The  transmitters'  nominal 
rise/fall  time  of  280  ns  satisfies  various  McAIR  standards  as  well 
asMIL-STD-1553A/B. 

The  BUS-65149  meets  the  MIL-STD-1553A  response  time  re- 
quirement of  2  to  5  (is  of  dead  time  on  the  1553  bus. 

The  BUS-65149  implements  all  MIL-STD-1553  message  for- 
mats, including  all  13  of  the  1553B  dual  redundant  mode  codes. 
Any  subset  of  the  possible  1553  commands  (broadcast,  T/R  bit, 
subaddress,  word  count/mode  code)  may  be  optionally  i  lleg  alized 
by  means  of  an  external  PROM,  PAL  or  RAM  device.  An  exten- 
sive amount  of  message  validation  is  performed  for  each  mes- 
sage received.  Each  word  received  is  validated  for  correct  sync 
type  and  sync  encoding,  Manchester  li  encoding,  parity  and  bit 
count.  All  messages  are  verified  to  contain  a  legal,  defined 
Command  Word  and  correct  word  count.  If  the  BUS-651 49  is  the 
receiving  RT  in  an  RT-to-RT  transfer,  it  verifies  that  the  T/R  bit  of 
the  transmit  Command  Word  is  a  one  and  that  the  transmitting 
RT  responds  in  time  and  contains  the  correct  RT  address  in  its 
Status  Word. 

The  BUS-65149  offers  a  great  deal  of  flexibility  to  fulfill  a  wide 
variety  of  1553A/B/McAIR  applications.  It  may  be  programmed 
for  either  of  three  operating  modes:  1553B,  BASIC  1553A  or 
MODIFIED  1553A.  There  are  programmable  options  regarding 
mode  codes,  command  illegalizing,  Status  and  BIT  Word  han- 
dling, and  error  responses. 

One  pin  programmable  option  allows  the  BUS-65149  to  respond 
to  a  receive  command  containing  a  Manchester  II  or  parity  error 
in  the  data  portion  of  a  message.  In  the  BASIC  1553A  mode,  the 
BUS-65149  will  respond  with  its  Status  Word  with  the  Message 
Error  bit  set.  K  this  option  is  not  selected,  (MODIFIED  1553A 
mode),  the  BUS-65149  will  suppress  its  Status  response  to  all 
data  errors.  For  the  1553B  mode,  the  Message  Error  bit  in  the 
internal  Status  Register  will  be  set.  In  this  instance,  the  BUS- 
65149  will  respond  with  Status/Message  Error  if  the  next  mes- 
sage is  a  Transmit  Status  or  Transmit  Last  Command  mode  code. 

The  65149  may  be  operated  from  either  a  1 2MHz  or  1 6  MHz  clock 
input.  In  the  12  MHz  mode,  the  decoder  samples  incoming  data 
with  both  edges  of  the  clock  input.  This,  in  effect,  provides  for  24 
MHz  decoder  sampling.  The  benefits  of  the  faster  sampling  rate 
Include  a  wider  tolerance  for  zero-crossing  distortion  and  im- 
proved bit  error  rate  performance. 

The  BUS-65149  includes  a  hardwired  R.T.  address  input.  This 
includes  5  address  lines,  an  address  parity  input  and  an  address 
parity  error  output. 

The  BUS-65149  RT  Status  Word  may  be  pin-programmed  to 
conform  to  either  MIL-STD-1 553B  or  to  1 553A  or  other  protocols. 
In  the  "1553A"  mode,  all  11  Status  Word  bits  are  under  direct 
control  of  the  external  subsystem. 


BUS-65149 


The  651 49  supports  command  illegalization.  In  the  1553B  mode, 
commands  may  be  i  lleg  alized  by  asserting  S1 0  low  at  the  time  of 
the  falling  edge  of  INCMD  or  by  asserting  S09  low  when  the 
Status  Word  inputs  are  sampled,  approximately  3  us  later;  this 
latter  time  is  approximately  5  u.s  after  the  mid-parity  bit  crossing 
of  the  received  Command  Word. 

Command  words  may  be  illegalized  as  a  function  of  broadcast, 
T/R  bit,  subaddress,  and/or  word  count/mode  code. 

For  the  1553A  modes,  only  the  "S1 0"  illegalizing  option  is  avail- 
able. For  1 553A,  bit  1 0  (bit  1 5  is  MSB)  of  the  Status  Word  will  be 
set  if  S10  is  sampled  low.  However,  for  a  transmit  command  in 
1553A  mode,  data  words  will  be  transmitted,  regardless  of  the 
status  of  bit  1 0  of  the  Status  Word. 

Two  options  are  provided  for  the  RT  BIT  Word.  In  one  option,  an 
internal  BIT  Word  register  is  updated  at  the  end  of  each  message. 
The  contents  of  this  register  may  be  read  by  the  subsystem 
whenever  the  BUS-65149  Is  not  servicing  a  1553  command. 
The  BUS-65149  is  servicing  a  command  from  the  time  of  the 
beginning  of  the  pulse  output  NBGRT  until  the  rising  edge  of 
INCMD  at  the  end  of  the  message  cycle.  With  the  second  BIT 
Word  option,  the  subsystem  provides  the  BIT  WORD  to  the 
BUS-651 49  by  means  of  its  8/1 6-bit  data  bus. 

The  BUS-651 49  performs  a  loopback  self-test  at  the  end  of  each 
message  processed.  The  last  word  transmitted  is  received, 
validated  and  compared  to  the  last  transmitted  word.  If  the 
loopback  test  fails,  the  user  has  the  option  of  having  the  Terminal 
Flag  Status  Word  bit  set  in  response  to  the  next  non-broadcast 
message. 

The  use  or  non-use  of  broadcast  is  pin  programmable.  If  broad- 
cast is  disabled,  R.T.  address  31  may  be  used  as  a  discrete 
terminal  address. 

The  BUS-65149  provides  a  number  of  real  time  output  signals. 
These  various  signals  provide  indications  of  message  start,  bus 
channel,  message  in  progress,  message  completion,  valid 
received  message,  message  error,  handshake  fail,  and  looptest 
fail. 

The  BUS-65149  may  be  used  in  a  wide  variety  of  interface 
configurations.  The  651 49  has  an  8/1 6-bit  tri-state  data  bus  and 
an  address/control  bus  that  may  be  pin  programmed  for  either 
two-state  or  three-state  operation.  The  three-state  mode  allows 
the  BUS-65149  to  be  connected  directly  to  the  host  processor's 
data,  address  and  control  buses  in  a  DMA  configuration.  The 
BUS-65149  includes  standard  DMA  handshake  signals  (Re- 
quest, Grant,  and  Acknowledge)  as  well  as  transfer  control  out- 
puts (CS~  and  WRT).  The  DMA  interface  may  operate  in  either  a 
1 6-bit  or  8-bit  mode,  supporting  both  word-wide  and  byte-wide 
transfers. 

The  DMA  interface  also  allows  the  65149  to  be  interfaced  directly 
to  a  simple  system  that  doesn't  have  a  microprocessor.  This 
provides  a  low  cost  1553  interface  for  A/D  and  D/A  convenors, 
switch  closures  and  actuators. 


VIM  19 


ILC  DATA  DEVICE 


BUS-65149 


The  BUS-65149  may  also  be  used  in  a  shared  RAM  interface 
configuration.  By  means  of  tri-state  buffers  and  a  very  small 
amount  of  "glue"  logic,  the  65149  will  store  Command  Words  and 
access  Data  Words  to/from  dedicated  "mailbox"  areas  in  a  shared 
RAM  for  each  broadcast  /  TVR"  bit  /  subaddress  /  mode  code. 

If  a  more  elaborate  shared  RAM  interface  is  needed,  the  BUS- 
65149  may  be  interfaced  to  a  BUS-66312  memory  management 
unit.  If  a  BUS-66312  is  used,  the  address  bus  of  the  BUS-65149 
is  not  used  for  accessing  the  system  RAM  (although  the  address 
outputs  may  still  be  used  for  command  illegalizing).  The  BUS- 
66312  provides  an  RT  Lookup  Table,  allowing  the  mapping  of  the 
various  T/R/subaddresses  to  user  programmable  areas  in  the 
BUS-66312's  64K  X  16  shared  RAM  address  space.  The  BUS- 
66312  also  provides  a  stack  area  of  RAM.  The  stack  provides  a 
chronology  of  all  messages  processed,  storing  a  Block  Status 
Word  (message  channel,  completion  and  validity  information),  an 
optional  Time  Tag  Word  and  the  received  Command  Word  for 
each  message  processed.  The  BUS-66312  also  provides  mask- 
able interrupts  to  the  host  processor  for  end-of-message  and/or 
message  error  conditions. 

OPERATING  MODES 

To  provide  the  flexibility  for  operation  in  a  wide  variety  of  1 553- 
based  platforms,  the  BUS-65 1 49  may  be  operated  in  one  of  three 
modes:  1553B,  BASIC  1553A,  and  MODIFIED  1553A. 

The  BUS-65149  mode  of  operation  is  selected  by  means  of  the 
two  input  pins  A1553  and  ABASE,  as  follows: 


A1S53 

0 
1 
1 


ABASE 

X 
0 

1 


BUS-65149  MODE 

1553B 

Modified  1553A 
Basic  1553A 


The  three  modes  of  operation  are  summarized  in  the  Table  2: 


TABLE  2.  BUS-65149  MODES  OF  OPERATION 


PARAMETER 


Response 
Time 


Mode  Codes 


1553B 


4  to  7  ^  ,  per  MIL- 
STD-1553B. 


Subaddresses  0 
and  31  are  both 
reserved  for  mode 
code  operation. 
All  dual  redun- 
dant 1553B  mode 
codes  are  imple- 
mented. 


MODIFIED 
15S3A 


BASIC  1553A 


2  to  5  us,  per  MIL-STD-1553A. 


Only  subaddress  0  is  treated  as  a 
mode  code  subaddress.  Subad- 
dress 31  is  treated  as  a  standard 
non-mode  code  subaddress.  For 
a  Command  Word  to  Subaddress 
0  followed  by  no  Data  Words,  the 
BUS-65149  will  respond  with 
Status,  per  S10-S0.  For  a  Com- 
mand Word  to  Subaddress  0  fol- 
lowed by  one  or  more  Data 
Words,  the  BUS-65149  will  not 
respond.  Dynamic  Bus  Control  is 
the  only  mode  code  defined  for 
MIL-STD-1553A. 


TABLE  2.  BUS-65149  MODES  OF  OPERATION  continued) 

PARAMETER 
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subsystem. 
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Terminai  Flag 

(SOO)  are  under 

subsystem  con- 

trol. The  Terminal 

Flag  bit  may  be  in- 

hibited and  reac- 

tivated by  mode 

code  commands, 

per  MIL-STD- 

1553B. 

ftofinitinn  of 

Lsv  1 II  il  Uvl  1  UI 

Valid  sync  field  plus  two  valid  data 

VnliH  eunr  fiolri 
vdJia  sync  iiwiu. 

extra  word 

bits. 

at  end  of 

message 

Doennnca  tn, 

Per  MIL-STD- 
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~ — e  c  

For  Sync  error, 

1  DvvlVO 

1553B:no 
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Transmit  Status 
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encoding  or  parity 

Last  Command 

errors  in  any  Data 

mode  code. 

Word  or  low  bit 

count  in  the  last 

Data  Word: 

Respond  with 

Status  with  the 

Message  Error  bit 

set 

BUSY  bit. 

BUSY  bit  set  in 

Bit  3  of  Status  Word  under  direct 

Status  Word.  No 

subsytem  control.  Has  no  effect 

data  is  transmitted 

on  received  or  transmitted  data. 

by  the  BUS-65149. 
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ADDRESS  MAPPING 

The  memory  allocation  scheme  for  the  BUS-65149  14-bit  ad- 
dress bus  is  defined  as  follows: 


A13: 

BROADCAST/OWN  ADDRESS 

A12: 

TRANSMIT/RECEIVE 

A11-A7: 

SUBADDRESS  4-0 

A6: 

DATA/COraMAMJ 

A5-A1: 

WORD  COUNT/CURRENT  WORD  COUNT 

AO: 

UPPER/COWER"  BYTE  (8-BIT  MODE  ONLY) 

The  method  of  address  mapping  implemented  by  the  BUS-651 49 
provides  for  a  'mailbox*  allocation  scheme  for  the  storage  of 
Command  and  Data  Words.  The  address  outputs  A13  through 
A1  map  directly  into  8K  words  (1 6K  bytes)  of  processor  address 
space.  AO  is  used  for  upper/lower  byte  selection  in  the  8-bit  DMA 
mode.  The  same  address  map  is  applicable  for  both  the  DMA  and 
shared  RAM  (without  the  BUS-66312)  interface  configurations. 

The  BUS-651 49's  addressing  scheme  maps  messages  in  terms 
of  broadcast/own  address,  transmit/receive,  subaddress,  and 
mode  code.  A  64-word  message  block  is  allocated  for  each 
T/R-subaddress.  The  received  Command  Word  for  all  non-mode 
code  messages  is  stored  at  relative  word  location  zero  (0)  within 
each  message  block.  For  mode  code  messages,  the  received 
Command  Word  is  offset  from  location  zero  (0)  within  the  mes- 
sage block  for  subaddress  0  or  31 .  The  value  of  the  address  offset 
is  equal  to  the  mode  code  field  of  the  respective  Command  Word 
(0to31). 

The  data  words  to  be  transmitted  or  received  are  accessed  from 
(to)  relative  locations  32  through  63  within  the  message  block. 
Data  Words  for  the  Synchronize  with  Data  and  Transmit  Vector 
Word  mode  codes  are  mapped  to  subaddresses  0  and  31 .  The 
Data  Word  transmitted  in  response  to  a  Transmit  Last  Command 
mode  code  is  accessed  from  an  internal  register.  The  Data  Word 
transmitted  in  response  to  a  Transmit  BIT  Word  command  is 
accessed  either  from  an  internal  register  or  from  the  subsystem 
via  the  8/1 6-bit  data  bus,  as  determined  by  pin  programming. 

DMA  INTERFACE 

An  8/1 6-bit  data  bus,  a  1 4-bit  address  bus,  and  six  control  signals 
are  provided  to  facilitate  communication  with  the  parallel  subsys- 
tem. The  control  signals  include  the  standard  DMA  handshake 
signals  DT_REQ,  DT_GRT,  DT_ACK  as  well  as  the  transfer 
control  outputs  C5~  and  WRT.  HS_FAIL  provides  an  indication  to 
the  subsystem  of  a  handshake  failure  condition. 

Data  is  transferred  between  the  subsystem  and  the  BUS-65149 
via  a  DMA  handshake,  initiated  by  the  BUS-65149.  A  READ 
operation  is  defined  to  be  the  transfer  of  data  from  the  subsystem 
to  the  BUS-651 49.  Conversely,  a  WRITE  operation  transfers  data 
from  the  BUS-65149  to  the  subsystem.  If  the  BUS-65149  is  in 
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1 6-bit  mode,  data  is  transferred  as  a  single  1 6-bit  word.  In  8-bit 
mode,  data  is  transfered  in  a  pair  of  byte  transfers  within  the  same 
DMA  handshake  cycle.  The  upper  byte  is  transfered  first  with 
A0-1 ,  followed  by  the  lower  byte  with  A0-0. 

If  the  BUS-651 49  asserts  DT_REQ  and  the  subsytem  does  not 
respond  with  DT_GRTintime  for  the  BUS-651 49  to  complete  the 
word  transfer,  the  HS_FAIL  output  will  be  asserted  low  to  inform 
the  subsystem  of  the  handshake  failure. 

DMA  READ  Operation 

Whenever  the  BUS-65149  needs  to  read  a  word  from  the  sub- 
system, itasserts  the  signal  DT_REQ  low.  If  the  subsystem 
asserts  DT_GRT  in  time,  the  BUS-65149  will  then  assert  A13 
through  A1  (and  AO  for  the  8-bit  mode),  WRT  high,  along  with 
DT_ACK  and  CS  low  to  enable  data  from  the  subsystem. 

After  the  transfer  of  each  Data  Word  has  been  completed,  ad- 
dress bus  outputs  A5  through  A1  are  incremented.  This  provides 
the  option  of  connecting  the  BUS-65149  address  lines  directly  to 
the  host  processor's  address  bus  to  access  the  subsystem  RAM, 
if  desired. 

DMA  WRITE  Operation 

Whenever  the  BUS-651 49  wishes  to  transfer  data  to  the  subsys- 
tem, it  initiates  a  DMA  WRITE  cycle.  The  BUS-65149  asserts 
DT_REQ.  The  subsystem  must  respond  with  DT_GRT. 

If  DTJ3RT  was  received  in  time,  the  BUS-65149  will  then  assert 
DT_ACK.  The  BUS-65149  will  then  assert  A1 3  through  A1  (and 
AO  in  8-bit  mode)  and  WR  low,  followed  by  C5  low.  The  subsys- 
tem may  then  use  the  rising  edge  of  CS"  to  latch  the  data.  Similar 
to  the  DMA  read  operation,  the  address  outputs  A5  through  A1 
are  incremented  after  the  completion  of  a  DMA  WRITE  operation. 

MESSAGE  PROCESSING  OPERATION 

Following  the  receipt  and  transfer  of  a  valid  Command  Word,  the 
BUS-651 49  will  attempt  to  (1 )  transfer  received  1 553  data  to  the 
subsystem,  (2)  read  data  from  the  subsystem  for  transmission  on 
the  1553  bus,  (3)  transmit  status  information  to  1553,  or  (4)  set 
status  conditions.  The  BUS-651 49  responds  to  all  non-broadcast 
messages  with  a  1553  Status  Word. 

RT  Address 

RT  Address  (RT_AD  4-0,  (RT_AD4  -  MSB))  and  RT  Address 
Parity  (RT_AD_P)  should  be  programmed  to  a  unique  RT  ad- 
dress. The  BUS-65149  will  not  respond  to  any  MIL-STD-1553 
commands  or  transfer  received  data  from  any  non-broadcast 
messages  if  an  odd  parity  sum  is  not  presented  by  RT_AD4-0 
and  RT_AD_P.  An  address  parity  error  will  be  indicated  by  a  low 
output  on  the  RT_AD_ERR  pin. 
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Command  lllegallzation 

The  BUS-651 49  provides  two  options  for  command  illegalization. 
With  one  method,  the  input  signal I  SI  0  (Illegal  Command  Input  1 ) 
is  sampled  on  the  falling  edge  of  INCMD.  With  the  other  method, 
S09  (Illegal  Command  Input  2)  is  sampled  approximately  5  us 
following  the  mid-parity  bit  zero  crossing  of  the  received  Com- 
mand Word.  In  the  1553B  mode,  both  S10  and  S09  may  be  used 
for  command  illegalizing.  In  the  1 553A  modes,  only  S 1 0  may  be 
used  for  illegalizing.  This  supports  command  illegalization  for 
1S53B  applications  using  either  a  two-state  or  three-state  ad- 
dress bus  as  well  as  for  1 553A  applications  using  a  two-state 
address  bus.  Command  illegalization  is  implemented  by  means 
of  an  external  PROM,  PLO,  or  RAM  device.  The  BUS-65149 
allows  any  subset  of  the  possible  1553  commands  to  be  legal- 
ized as  a  function  of  broadcast,  T/R  bit,  subaddress,  word  count 
and/or  mode  code. 

Transmit  Command  (RT-to-BC  Transfer). 

If  the  BUS-651 49  receives  a  valid  Transmit  Command  Word  that 
the  subsystem  determines  is  legal  (inputs  S1 0  and  S09  high)  and 
the  subsystem  is  not  BUSY  (input  S03  is  high),  the  BUS-65149 
will  initiate  a  transmit  data  response.  Following  transmission  of 
the  Status  Word,  this  entails  a  handshake/read  cycle  for  each 
Data  Word,  with  the  total  number  of  Data  Words  to  be  transmitted 
specified  by  the  Word  Count  field  of  the  Command  Word.  A  low 
on  S10  (1553A  and  1553B  modes)  or  S09  (1553B  mode)  will 
result  in  the  Message  Error  bit  being  set.  In  the  1553B  mode,  no 
Data  Words  will  be  transmitted  following  transmission  of  the 
Status  Word  to  an  illegalized  transmit  command.  For  the  1553B 
mode,  a  low  on  the  BUSY  (S03)  input  will  set  the  BUSY  bit  in  the 
Status  Word;  in  this  instance,  only  the  Status  Word  will  be 
transmitted,  with  no  Data  Words.  In  the  1553A  modes,  a  low  on 
BUSY  has  no  effect  on  Data  Word  transmission. 

Receive  Command  (BC-to-RT  Transfer). 

A  DMA  handshake  will  be  initiated  for  each  word  received  over 
the  1553  data  bus.  If  successful,  the  respective  handshake  will 
be  followed  by  a  corresponding  write  cycle.  A  handshake  timeout 
will  not  terminate  transfer  attempts  for  the  remaining  Data  Words, 
error  flagging  or  Status  Word  transmission.  After  the  reception  of 
a  valid  receive  Command  Word  followed  by  the  correct  number 
of  valid  Data  Words  and  assuming  that  all  words  are  sucessfully 
transferred  to  the  subsystem,  a  negative  pulse  will  be  asserted 
on  the  output  Good  Block  Received  (GBR). 

RT-to-RT  Transfers  (Transmitting/Receiving). 

An  RT-RT  transfer  will  appear  to  both  RTs  as  a  standard  transmit 
or  receive  command  except  that:  (1)  transmission  of  the  Data 
Words  will  not  be  contiguous  with  that  of  the  receive  Command 
Word  and  (2)  upon  detection  of  a  command  sync  field  following 
the  receive  command,  the  receiving  RT  will  recognize  an  RT-RT 
transfer  and  store  the  RT  address  field  from  the  transmit  Com- 
mand Woi  •'  for  comparison  with  the  RT  address  field  of  the  Status 
Word  from  the  transmitting  RT.  If  the  T/fi*  bit  of  the  "transmit" 
command  is  a  one,  the  transmitting  RT  does  not  respond  in  time 


or  an  address  mismatch  is  detected  in  the  transmitting  RTs 
Status  Word,  the  receiving  RT  will  classify  the  condition  as  a 
"Command  error"  and  will  not  respond. 

If  the  BUS-65149  is  the  transmitting  RTforan  RT-to-RT  transfer, 
it  will  respond  with  Status  and  Data  Words  as  in  an  RT-to-BC 
transmit  command. 

RT  Status,  Error  Handling  and  Message  Timing 
Signals 

Message  transfer  errors  are  indicated  by  means  of  the  HS_FAIL, 
RE,  and  RT_FAIL  error  indication  outputs.  Additional  error  detec- 
tion and  indication  mechanisms  include  updating  of  the  internal 
Status  and  BIT  Word  registers. 

The  BUS-65149  provides  a  number  of  timing  signals  during  the 
processing  of  1 553  messages.  NBGRT  provides  a  negative  pulse 
output  following  receipt  of  a  1553  Command  Word.  INCMD  is 
asserted  low  when  a  new  command  is  received.  At  the  end  of  a 
message  (either  valid  or  invalid),  INCMD  transitions  high  while 
EOM  pulses  tow.  Following  the  last  data  word  of  a  valid  receive 
message,  GBR  is  asserted  low.  CH.  B/A~  provides  an  indication 
of  what  bus  a  message  is  being  processed  on.  TXE  is  asserted  as 
a  low  output  following  any  detected  error  in  a  received  message. 

Loopback  Test. 

The  last  word  to  be  transmitted  in  a  given  message  transfer 
(Status  Word,  BIT  Word,  last  Command  Word  or  Data  Word)  is 
stored  in  an  internal  register.  When  this  word  is  transmitted  on 
the  1553  bus,  it  is  "looped  back"  through  the  active  receiver  and 
decoder  and  a  loopback  test  is  performed.  The  loopback  test  is 
considered  to  have  failed  if  the  received  version  of  the  word  is 
either  invalid  and/or  does  not  match  the  transmitted  version  of  the 
word.  If  the  loopback  test  fails,  the  RT_FAIL  output  will  be 
asserted  low.  If  RT_FAIL  is  connected  to  S00  (TERMINAL 
FLAG),  the  Terminal  Flag  bit  will  be  set  in  the  Status  response  to 
the  next  non-broadcast  message. 

Use  of  Status  Word. 

In  the  1553B  mode,  the  Broadcast  Command  Received  bit  is 
formulated  internally.  The  Message  Error  Status  bit  will  be  set  if 
the  current  command  is  a  Transmit  Status  Word  or  Transmit  Last 
Command  mode  command  and  if  there  was  an  error  in  the  data 
portion  of  a  previous  receive  message.  In  the  BASIC  1553A 
mode,  Message  Error  will  be  set  in  response  to  a  receive  mes- 
sage containing  either  a  Manchster  II  or  parity  error  in  any  Data 
Word  or  a  low  bit  count  error  in  the  last  Data  Word  of  a  receive 
message.  Message  Error  will  also  be  set  if  either  ILLEGAL 
COMMAND  1  (1553A  and  1553B  modes)  or  ILLEGAL  COM- 
MAND 2  (1 553B  mode  only)  has  been  sampled  lowforthe  current 
message.  In  the  1553B  mode,  Service  Request,  Busy,  Subsys- 
tem Flag.  Dynamic  Bus  Control  and  Remote  Terminal  Flag  will 
be  sampled  from  their  respective  Status  (S10-S0)  input  pins. 

In  the  1553A  modes,  all  11  Status  Word  Bits  are  sampled  from 
the  S10  through  SO  inputs. 
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BIT  Word. 

The  BUS-65149  provides  two  options  for  implementing  the 
Transmit  BIT  Word  mode  command.  In  one  option,  a  16-bit  BIT 
word  Is  formulated  in  an  internal  register.  Under  this  option,  the 
subsystem  may  read  the  contents  of  the  internal  BIT  register  at 
any  time.  In  the  second  option,  the  BIT  Word  may  be  read  from 
the  subsystem  as  part  of  the  response  to  a  Transmit  BIT  Word 
Mode  Command. 


INTERNAL  BUILT-IN-TEST  (BIT)  WORD  DEFINITION 

D15:  Transmitter  Timeout 

D14:  Loop  Test  Failure  -  B  Bus 

D13:  Loop  Test  Failure  -  A  Bus 

01 2:  Handshake  Failure 

D1 1 :  Bus  B  Transmitter  Shutdown 

D10:  Bus  A  Transmitter  Shutdown 

D09:  Terminal  Flag  Inhibited 

D08:CH.  B/CTO 

007:  High  Word  Count 

D06:  Low  Word  Count 

D05:  Incorrect  Sync  Type  Received 

004:  Invalid  Word  Received  -  Manchester  or  Parity  Error 

D03:  RT-RT  Transfer  Response  Error  (no  gap,  data  sync, 

address  mismatch) 
D02:  RT-RT  Transfer  No  Response  Timeout 
001 :  RT-RT  Transfer  -  T/R  Error  on  Second  Command  or  My 

Valid  Address 
D00:  Command  Word  Contents  Error 


Mode  Codes 

Nine  of  the  1 3  available,  dual  redundant  mode  codes  are  handled 
by  the  BUS-65149  without  user  intervention.  Of  the  four  remain- 
ing codes,  Dynamic  Bus  Control  and  Synchronize  (without  data) 
entail  subsystem  notification.  The  remaining  two  mode  codes, 
Transmit  Vector  Word  and  Synchronize  (with  data)  involve  data 
transfer  with  the  subsystem.  For  the  Transmit  BIT  Word  mode 
code,  the  user  may  either  make  use  of  the  internally  formulated 
BIT  Word  or  transmit  a  BIT  Word  provided  by  the  subsystem. 
Table  3  provides  a  summary  of  the  1 553B  mode  codes  supported 
by  the  BUS-65149.  Note  that  Dynamic  Bus  Control  is  the  only 
mode  code  defined  for  MIL-STD-1553A. 
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TABLE  3.  MIL-STD-1553A/B  MODE  CODES 

T/R 

MODE 

FUNCTION 

DATA 

BROADCAST 

BIT 

CODE 

WORD 

ALLOWED 

00000 

Dynamic  Bus  Control  (Note  1 ) 

No 

No 

1 

00001 

Synchronize 

No 

Yes 

1 

00010 

Transmit  Status  Word 

No 

Yes 

1 

00011 

Initiate  Self  Test 

No 

Yes 

J 

00100 

Transmitter  Shutdown 

No 

Yes 

00101 

Override  Transmitter  Shut- 

No 

Yes 

down 

1 

00110 

Inhibit  Terminal  Flag 

No 

Yes 

! 

00111 

Override  Inhibit  Terminal  Flag 

No 

Yes 

01000 

Reset  Remote  Terminal 

No 

Yes 

1 

01001- 

11111 

RESERVED 

No 

TBD 

1 

10000 

Transmit  Vector  Word 

From 

No 

Subsys- 
tem 

0 

10001 

Synchronize  with  Data 

To  Sub- 

Yes 

system 

1 

10010 

Transmit  Last  Command 

From 

No 

Internal 
Register 

0 

10100 

Selected  Transmitter  Shut- 

To Sub- 

Yes 

down  (Note2) 

system 

0 

10101 

Override  Selected  Transmit- 

To Sub- 

Yes 

ter  Shutdown  (Note  2) 

system 

1 

10011 

Transmit  BIT  Word 

(Note  3) 

No 

0 

10110- 

11111 

RESERVED 

Yes 

TBD 

1 

10110- 

11111 

RESERVED 

Yes 

TBD 

1 .  Dynamic  Bus  Control  is  the  only  mode  code  defined  for 
MIL-STD-1553A. 

2.  Terminal  responds  with  Clear  Status  but  no  action  is  taken. 

3.  If  the  input  S06  is  high,  the  transmitted  BIT  Word  is  read  from 
an  internal  register.  If  S06  is  low,  the  BIT  Word  is  read  from  the 
subsystem. 
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RESET:  MASTER  RESET  -  ACTIVE  LOW  INPUT  SIGNAL 
USED  TO  RESET  THE  ENTIRE  CIRCUIT. 

CLOCK:    12  OR  16  MHz  MASTER  SYSTEM  CLOCK  INPUT. 

PRIMARILY  USED  TO  RUN  THE  1553  DECODER 
SECTIONS.  INTERNALLY  DIVIDED  DOWN  TO 
GENERATE  AN  6  OR  8  MHz  PROTOCOL  CLOCK. 

A1 553:  1 553A  / 1 553B  SELECT  -  INPUT  SIGNAL  USED  TO 
SELECT  WHICH  MODE  OF  OPERATION  THE 
TERMINAL  WILL  PERFORM.  FOR  1553  A  OPERA- 
TION, SET  TO  LOGIC  "1".  FOR  1553  B  OPERA- 
TION, SET  TO  LOGIC  "0\ 

ABASE:  1553  A  BASE  MODE  SELECT  -  INPUT  SIGNAL, 
ACTIVE  ONLY  IN  THE  1553  A  MODE  OF  OPERA- 
TION THAT  IF  SET  HIGH,  WILL  ALLOW  THE  RT 
TO  RESPOND  TO  AN  INVALID  MESSAGE  (THAT 
IS,  A  MESSAGE  WITH  THE  ONLY  TYPE  OF  ER- 
RORS BEING  INVALID  DATA  WORDS  DUE  TO 
PARITY  OR  MANCHESTER  ERRORS)  WITH  A 
STATUS  WORD  THAT  HAS  THE  MESSAGE 
ERROR  BIT  SET.  IF  SET  LOW,  ANY  ERROR  ON 
THE  1553  BUS  WILL  SUPPRESS  THE  STATUS 
WORD  RESPONSE. 

BRO_ENA:BROADCAST  ENABLE  -  INPUT  SIGNAL  WHICH 
WHEN  HIGH  ENABLES  THE  RECOGNITION  OF 
TERMINAL  ADDRESS  31  AS  A  BROADCAST  MES- 
SAGE. WHEN  LOW,  IT  RECOGNIZES  TERMINAL 
ADDRESS  31  AS  A  UNIQUE  REMOTE  TERMINAL 
ADDRESS. 

RT_AD_4,  (MSB)  THROUGH  RT_AD_0  (LSB): 

REMOTE  TERMINAL  ADDRESS  [4:0]  -  INPUT  SIG- 
NALS, USUALLY  HARDWIRED,  USED  TO  DEFINE 
THE  UNIQUE  1553  REMOTE  TERMINAL  AD- 
DRESS (FROM  0  TO  31)  THAT  THE  REMOTE 
TERMINAL  WILL  RESPOND  TO.  RT_AD_4  IS  THE 
MSB,  RT_AD_0  IS  THE  LSB. 


RT_AD_P:  REMOTE  TERMINAL  ADDRESS  PARITY  LINE  - 
INPUT  SIGNAL  OF  THE  ADDRESS  PARITY  BIT. 
THE  COMBINATION  OF  RT_ADJ0:4]  ,  AND 
RT_AD_P  MUST  BE  ODD  TO  ENABLE  RECOGNI- 
TION OF  THE  TERMINAL'S  ADDRESS. 


NBGRT:  NEW  BUS  GRANT  -  LOW  LEVEL  OUTPUT  PULSE 
(2  CLOCK  CYCLES  WIDE),  THAT  IS  USED  TO 
INDICATE  THE  START  OF  A  NEW  PROTOCOL 
SEQUENCE  IN  RESPONSE  TO  THE  COMMAND 
WORD  JUST  RECEIVED  FROM  THE  1553  BUS. 
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CHB/CHA:  CHANNEL  A  /  CHANNEL  B  -  OUTPUT  SIGNAL 
USED  TO  INDICATE  WHICH  CHANNEL  IS 
PRESENTLY  BEING  USED  OR  MONITORED. 
LOGIC  "0-  INDICATES  CHANNEL  A,  LOGIC  "1" 
INDICATES  CHANNEL  B.  THIS  LINE  IS  UPDATED 
ON  THE  RISING  EDGE  OF  NBGRT  AND  RESETS 
TO  CHANNEL  A. 

INCMD:  IN  COMMAND  -  ACTIVE  LOW  LEVEL  OUTPUT 
SIGNAL  USED  TO  INFORM  THE  SUBSYSTEM 
THAT  THE  BUS-65149  IS  PRESENTLY  SERVIC- 
ING A  COMMAND  THAT  CAME  IN  ON  THE  1553 
BUS. 

GBR:  GOOD  BLOCK  RECEIVED  -  LOW  LEVEL  OUTPUT 
PULSE  (2  CLOCK  CYCLES  WIDE)  THAT  IS  USED 
TO  FLAG  THE  SUBSYSTEM  THAT  A  VALID. 
LEGAL,  NON-MODE  RECEIVE  COMMAND  WITH 
THE  CORRECT  NUMBER  OF  DATA  WORDS  HAS 
BEEN  RECEIVED  WITHOUT  A  MESSAGE  ERROR 
AND  SUCCESSFULLY  TRANSFERRED  TO  THE 
SUBSYSTEM. 

ECU:  END  OF  MESSAGE  -  LOW  LEVEL  OUTPUT  PULSE 
(2  CLOCK  CYCLES  WIDE),  PRESENT  AT  THE 
END  OF  INCMD,  USED  TO  FLAG  THE  SUBSYS- 
TEM THAT  ALL  COMMAND  WORD  SERVICING 
HAS  BEEN  COMPLETED.  MASKED  IF  A  SUPER- 
CEEDING  COMMAND  INTERRUPTS  THE 
PRESENT  COMMAND  WORD  SERVICING. 

UXC:  LATCHED  MODE  CODE -OUTPUT  SIGNAL  THAT 
INFORMS  THE  SUBSYSTEM  THAT  THE 
PRESENT  COMMAND  WORD  IS  A  MODE  COM- 
MAND. IT  IS  UPDATED  AFTER  NBGRT  BUT 
BEFORE  INCMD  GOES  ACTIVE.  A  LOGIC  "0"  IN- 
DICATES A  MODE  CODE.  CLEARED  (LOGIC  "1 ") 
BY  RESET. 

TESTJUODE:  FACTORY  TEST  INPUT  -  CONNECT  TO  LOGIC 
T 

T_A_STR:  FACTORY  TEST  INPUT  -  CONNECT  TO  LOGIC  "1 " 


T_D_STR:  FACTORY  TEST  INPUT  -  CONNECT  TO  LOGIC  1 " 


ILC  DATA  DEVICE 


BUS-65149 


INPUT/OUTPUT  PIN  DESCRIPTIONS  (continued) 
REMOTE  TERMINAL  STATUS  WORD  CONTROL  SIGNALS 


S10-S00:  STATUS  BIT  INPUTS  ■  THESE  INPUT  SIGNALS 
CONTROL  THE  SETTING  OF  THE  BITS  IN  THE 
STATUS  WORD  RESPONSE.  THEY  ARE  ACTIVE 
LOW.  IN  1553A  OPERATION  MODE,  THESE  SIG- 
NALS CONTROL  THE  STATUS  WORD  BITS 
DIRECTLY.  THAT  IS,  IF  A  LOGIC  "0"  IS  APPLIED 
TO  ANY  BIT  WHEN  THE  STATUS  WORD  IS  UP- 
DATED, (DURING  STATENJ.  PULSE),  THE  COR- 
RESPONDING BIT  WILL  BE  SET.  IF  A  LOGIC  1" 
IS  APPLIED.  THE  BIT  WILL ,  BE  CLEARED.  S00  IS 
THE  LSB.  THE  ONLY  EXCEPTION  TO  THIS  IS  THE 
S10  BIT  IN  THE  STATUS  WORD  IN  THE  BASIC 
1553A  MODE.  IN  THIS  CASE,  THE  PROTOCOL 
WILL  AUTOMATICALLY  SET  THE  BIT  IF  AN  IN- 
VALID DATA  WORD  WAS  RECEIVED.  IN  1553B 
OPERATION  MODE,  THE  BITS  ARE  DEFINED  AS 
FOLLOWS: 


S1 0;  ILLEGAL  COMMAND  INPUT  1 :  INPUT  STROBED  IN  ON 
THE  FALLING  EDGE  OF  1NCM15  USED  TO  IL- 
LEGALIZE  ANY  COMMAND  AND  SET  THE  MES- 
SAGE ERROR  BIT  OF  THE  STATUS  WORD. 
ACTIVE  LOW. 

NQIE:  IF  A  COMMAND  IS  DEFINED  AS  ILLEGAL, 
THE  MESSAGE  ERROR  BIT  (D1 0)  IN  THE  STATUS 
WORD  TRANSMITTED  WOULD  BE  SET.  ALSO,  IF 
THE  THE  COMMAND  WAS  A  TRANSMIT  COM- 
MAND, ONLY  THE  STATUS  WORD  WOULD  BE 
TRANSMITTED.  HAS  NO  EFFECT  ON  RECEIVE 
COMMANDS  OTHER  THEN  INHIBITING  GBR".  ON 
MODE  COMMANDS,  THE  ACTUAL  MODE  FUNC- 
TION WOULD  NOT  BE  PERFORMED. 


ILLEGAL  COMMAND  INPUT  2:  INPUT  STROBED  IN 
WHEN  THE  STATUS  REGISTER  IS  UPDATED 
(APPROXIMATELY  5.0  US  AFTER  THE  PARITY 
CROSSING  OF  THE  COMMAND  WORD)  IN  THE 
1 553B  MODE.  USED  TO  ILLEGALIZE  COMMANDS 
AND  SET  THE  MESSAGE  ERROR  BIT  OF  THE 
STATUS  WORD.  ACTIVE  LOW. 


SOB;  SERVICE  REQUEST:  INPUT  SIGNAL  USED  TO  CON- 
TROL THE  SERVICE  REQUEST  BIT  (BIT  8)  IN  THE 
STATUS  WORD.  IF  LOW  WHEN  THE  STATUS 
REGISTER  IS  UPDATED,  THE  SERVICE  RE- 
QUEST BIT  WILL  BE  SET.  IF  HIGH,  IT  WILL  BE 
CLEARED. 


S07;  SERVICE  REQUEST  LATCH  INPUT  -  A  LOW  LEVEL 
APPLIED  AT  ANY  TIME  ON  THIS  INPUT  WILL  SET 
AN  INTERNAL  LATCH  THAT  WILL  HOLD  THE 
SERVICE  REQUEST  UNTIL  IT  HAS  BEEN  TRANS- 
MITTED OVER  THE  1553  BUS  WHICH  IN  TURN 
CLEARS  THE  INTERNAL  LATCH.  THIS  INTERNAL 
LATCH  CAN  ALSO  BE  CLEARED  BY  PULSING 
S08  OR  BY  A  RESET  OR  BY  SWITCHING  TO 
1553AMODE. 


S06;  EXTERNAL  BIT  WORD  ENABLE:  A  LOW  LEVEL  AP- 
PLIED TO  THIS  INPUT  SELECTS  THE  EXTERNAL 
BIT  WORD  OPTION.  THAT  IS,  IF  A  MODE  TRANS- 
MIT BIT  WORD  COMMAND  IS  RECEIVED  AND 
THIS  INPUT  IS  LOW,  THEN  THE  BUS-65149 
WILL  REQUESTTHE  BIT  WORD  FROM  THE  SUB- 
SYSTEM THRU  A  DT_REQ.  DT_GRT.  AND 
DT_ACK  CYCLE.  SEE  VW_BW_FL  FOR  MORE 
DETAILS  ON  WHEN  TO  ENABLE  THE  BIT  WORD 
ON  THE  BUS. 


5;  SUBSYSTEM  CHANNEL  B  TX  INHIBIT  -  A  LOW  LEVEL 
ON  THIS  INPUT  WILL  BLOCK  ANY  TRANSMIS- 
SION ON  CHANNEL  B  FROM  BEING  SENT  OUT 
ON  THE  1553  BUS  PROVIDED  THAT  THE  1553B 
MODE  IS  SELECTED. 

NOTE:  INTERNALLY  THE  TRANSMISSION  WILL 
CONTINUE.  THEREFORE,  IF  THIS  INPUT  IS 
RETURNED  TO  A  HIGH  LEVEL  DURING  THE 
INTERNAL  TRANSMISSION,  THE  BUS-65149 
WILL  START  TRANSMITTING  ON  THE  1553  BUS. 


S04;  SUBSYSTEM  CHANNEL  A  TX  INHIBIT:  A  LOW  LEVEL 
ON  THIS  INPUT  WILL  BLOCK  ANY  TRANSMIS- 
SION ON  CHANNEL  A  FROM  BEING  SENT  OUT 
ON  THE  1553  BUS  PROVIDED  THAT  THE  1553B 
MODE  IS  SELECTED. 

NQIE:  INTERNALLY  THE  TRANSMISSION  WILL 
CONTINUE.  THEREFORE,  IF  THIS  INPUT  IS 
RETURNED  TO  A  HIGH  LEVEL  DURING  THE  IN- 
TERNAL TRANSMISSION,  THE  BUS-65149  WILL 
START  TRANSMITTING  ON  THE  1553  BUS. 
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INPUT/OUTPUT  PIN  DESCRIPTIONS  (continued) 
REMOTE  TERMINAL  STATUS  WORD  CONTROL  SIGNALS  (continued) 


S03;  BUSY:  INPUT  SIGNAL  USED  TO  CONTROL  THE  BUSY 
BIT  (BIT3)  IN  THE  STATUS  WORD.  IF  LOW  WHEN 
THE  STATUS  REGISTER  IS  UPDATED,  THE  BUSY 
BIT  WILL  BE  SET.  IF  HIGH,  IT  WILL  BE  CLEARED. 
NOTE,  IF  THE  BUSY  BIT  IS  SET  AND  THE  COM- 
MAND WAS  A  TRANSMIT  COMMAND,  ONLY  THE 
STATUS  WORD  WOULD  BE  TRANSMITTED.  HAS 
NO  EFFECT  ON  RECEIVE  COMMANDS. 


S02;  SUBSYSTEM  FLAG:  INPUT  SIGNAL  USED  TO  CON- 
TROL THE  SUBSYSTEM  FLAG  BIT  (BIT  2)  IN  THE 
STATUS  WORD.  IF  LOW  WHEN  THE  STATUS 
REGISTER  IS  UPDATED,  THE  SUBSYSTEM 
FLAG  BIT  WILL  BE  SET.  IF  HIGH,  IT  WILL  BE 
CLEARED. 


S01;  ACCEPT  DYNAMIC  BUS  CONTROL:  INPUT  SIGNAL 
USED  TO  CONTROL  THE  DYNAMIC  BUS  CON- 
TROL BIT  (BIT  1)  IN  THE  STATUS  WORD.  IF  LOW 
WHEN  THE  STATUS  REGISTER  IS  UPDATED, 
THE  DYNAMIC  BUS  CONTROL  BIT  WILL  BE  SET 
IN  RESPONSE  TO  A  LEGAL  VALID  DYNAMIC  BUS 
CONTROL  MODE  COMMAND.  IF  HIGH,  OR  A  DIF- 
FERENT COMMAND  WAS  RECEIVED,  THE 
DYNAMIC  BUS  ACCEPTANCE  BIT  WILL  BE 
CLEARED. 


S00;  REMOTE  TERMINAL  FLAG:  INPUT  SIGNAL  USED  TO 
CONTROL  THE  TERMINAL  FLAG  BIT  (BIT  0)  IN 
THE  STATUS  WORD.  IF  LOW  WHEN  THE  STATUS 
REGISTER  IS  UPDATED,  THE  TERMINAL  FLAG 
BIT  WILL  BE  SET.  IF  HIGH,  IT  WILL  BE  CLEARED. 
NORMALLY  CONNECTED  TO  RT_FAIL. 


\ 


ERROR  FLAG  INDICATORS 


RT_AD_ERR:  REMOTE  TERMINAL  ADDRESS  PARITY 
ERROR  OUTPUT  SIGNAL  THAT  REFLECTS  THE 
PARITY  COMBINATION  OF  THE  RT_ADJ4:0]  IN- 
PUTS AND  RT_AD_PAR  INPUT.  HIGH  LEVEL  IN- 
DICATES ODD  PARITY,  LOW  LEVEL  INDICATES 
EVEN  PARITY.  NOTE,  IF  OUTPUT  IS  LOW,  THEN 
THE  BUS-65149  WILL  NOT  RECOGNIZE  ANY 
COMMAND  WORD  AS  AN  EXPLICIT  VALID  AD- 
DRESS. 

HE:  MESSAGE  ERROR  -  ACTIVE  LOW  LEVEL  OUT- 

PUT SIGNAL  USED  TO  FLAG  THE  SUBSYSTEM 
THAT  THERE  WAS  A  MESSAGE  ERROR  ON  THE 
1553  BUS  COMMUNICATION.  THIS  LINE  GOES 
LOW  UPON  DETECTING  THE  ERROR  AND  IS 
RESET  BY  THE  NEXT  NBGRT  OR  MASTER 
RESET.  IF  THIS  LINE  GOES  LOW,  ALL  FURTHER 
COMMAND  SERVICING  IS  ABORTED. 


HS_FAIL:  HANDSHAKE  FAILURE  -  ACTIVE  LOW  LEVEL  OUT- 
PUT  USED  TO  FLAG  THE  SUBSYSTEM  THAT 
DT_QRTWAS  NOT  RECEIVED  IN  RESPONSE  TO 
DTIREC5  IN  TIME  TO  PERFORM  A  DATA  TRANS- 
FER. LATCHED  LOW  AND  CLEARED  BY  THE 
NEXT  NBGRT  OR  RESET. 

RT_FAIL:  REMOTE  TERMINAL  FAILURE  -  LATCHED  LOW 
LEVEL  OUTPUT  THAT  GOES  LOW  IF  A  LOOP 
BACK  FAILURE  OR  A  TRANSMITTER  SHUT- 
DOWN TIMEOUT  HAS  OCCURRED  DURING  A 
TRANSMISSION  CYCLE.  RESET  BY  THE  START 
OF  THE  NEXT  TRANSMISSION  CYCLE  (STATUS 
WORD)  OR  A  LOW  LEVEL  ON  THE  RESET  INPUT. 
NORMALLY  CONNECTED  TO  S00  (RTFLAG 
INPUT)  DURING  1553B  OPERATION  TO  CON- 
TROL THE  TERMINAL  FLAG  IN  THE  STATUS 
REGISTER. 
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INPUT/OUTPUT  PIN  DESCRIPTIONS  (continued) 
 DATA  BUS  TRANSFER  SIGNALS 


DB  SEL:  DATA  BUS  SELECT  -  INPUT  SIGNAL  USED  TO 
SELECT  THE  DATA  BUS  STRUCTURE  (8  OR  16 
BIT  WIDTH  ). 

LOGIC  "0"  SELECTS  16  BIT  BUS. 

LOGIC  "1"  SELECTS  8  BIT  BUS. 
NOTE:  FOR  AN  8-BIT  DATA  BUS  OPERATION, 
D15  TO  D08  SHOULD  BE  CONNECTED  TO  D07 
TO  D00.  DIRECTLY. 


ADDR_ENA:  ADDRESS  ENABLE  -  ACTIVE  LOW  LEVEL 
INPUT  SIGNAL  USED  TO  CONTROL  THE  OPERA- 
TION OF  WRT.  C5.  AND  ADDRESS  BUS  (A13  TO 
A00).  IF  A  LOGIC  "0"  IS  APPLIED,  THE  ABOVE 
SIGNALS  ARE  ALWAYS  ACTIVE.  IF  A  LOGIC  "1" 
IS  APPLIED,  THESE  SIGNALS  ARE  KEPT  IN 
THEIR  HIGH  IMPEDANCE  STATE  EXCEPT  FOR 
WHEN  A  DATA  TRANSFER  IS  BEING  PER- 
FORMED (  DTACK  -  LOGIC  "0"). 

DT~REO:  DATA  TRANSFER  REQUEST-  ACTIVE  LOW  LEVEL 
OUTPUT  SIGNAL  USED  TO  INFORM  THE  SUB- 
SYSTEM THAT  THE  BUS-65149  NEEDS  CON- 
TROL OF  THE  DATA  BUS  TO  DO  A  TRANSFER. 
STAYS  LOW  UNTIL  DT_GRT  IS  RECEIVED  AND 
THE  TRANSFER  IS  COMPLETED  OR  UNTIL  A 
HANDSHAKE  FAILURE  TIMEOUT  HAS  OC- 
CURRED. 


BTBHT:  DATA  TRANSFER  GRANT  -  ACTIVE  LOW  LEVEL 
INPUT  SIGNAL  FROM  THE  SUBSYSTEM  THAT 
INFORMS  THE  BUS-65149,  WHEN  DT_REG  IS 
ASSERTED,  TO  START  THE  TRANSFER  CYCLE. 
ONCE  THE  TRANSFER  IS  STARTED,  DT_GRT 
CAN  BE  REMOVED. 

DT_ACK:  DATA  TRANSFER  ACKNOWLEDGE  -  ACTIVE 
LOW  LEVEL  OUTPUT  SIGNAL  USED  TO  INFORM 
THE  SUBSYSTEM  THAT  THE  BUS-65149  HAS 
RECEIVED  DT.GRT  IN  RESPONSE  TO  DT_REQ 
AND  IS  PRESENTLY  DOING  A  DATA  TRANSFER 
OVER  THE  PARALLEL  DATA  BUS. 

WBT:  READ  /  WRITE  -  OUTPUT  SIGNAL  THAT  CON- 
TROLS THE  DIRECTION  OF  THE  DATA  TRANS- 
FERS. THE  DIRECTION  IS  NORMALLY  OUT 
(WRITE  -  LOGIC  "0")  AND  TURNS  INWARD  (READ 
-  LOGIC  "1")  WHEN  THE  FIRST  DATA  WORD  IS 
NEEDED  FROM  THE  SUBSYSTEM.  THE  OUTPUT 
WILL  RETURN  LOW  (WRITE)  AFTER  THE  LAST 
DATA  WORD  TRANSMISSION  HAS  BEGUN  ON 
THE  1553  BUS. 

NOTE:  THIS  SIGNAL  CAN  BE  PLACED  IN  A  HIGH 
IMPEDANCE  STATE  IF  DTACK  IS  NOT  ACTIVE. 
SEE  ADDR_ENA  FOR  MORE  DETAILS. 


CS:  CHIP  SELECT  -  ACTIVE  LOW  LEVEL  OUTPUT 

PULSE  PRESENT  IN  THE  MIDDLE  OF  EVERY 
DATA  TRANSFER.  WHEN  THE  BUS-65149  IS 
WRITING  DATA  TO  THE  SUBSYSTEM,  THIS  SIG- 
NAL OCCURS  WHEN  THE  DATA  IS  VALID  AND 
SHOULD  BE  USED  TO  LATCH  THE  DATA 
(RECOMMEND  USING  RISING  EDGE).  WHEN 
THE  BUS-65149  IS  READING  DATA  FROM  THE 
SUBSYSTEM,  THIS  SIGNAL  IS  USED  TO  INFORM 
THE  SUBSYSTEM  WHEN  TO  DRIVE  THE  DATA 
BUS. 

NQIE:  THIS  SIGNAL  CAN  BE  PLACED  IN  A  HIGH 
IMPEDANCE  STATE  IF  DT_ACK  IS  NOT  ACTIVE. 
SEE  ADDR_ENA  FOR  MORE  DETAILS. 

BIT_WD_REQ:  BIT  WORD  REQUEST  -  A  RAISING  EDGE  ON 
THIS  INPUT  SIGNAL  WHEN  THE  RT  IS  NOT 
PRESENTLY  SERVICING  A  COMMAND  WILL 
TRIGGER  A  DATA  TRANSFER  SEQUENCE 
DT_REQ,  DTJ3RT,  AND  DT_ACK)  WHICH  WILL 
TRANSFER  THE  CONTENTS  OF  THE  INTERNAL 
BUILT-IN-TEST  WORD  REGISTER  OVER  THE 
PARALLEL  DATA  BUS  TO  THE  SUBSYSTEM. 
DURING  THIS  TRANSFER,  C5  WILL  NOT  GO 
ACTIVE.  BW_STRWILLGO  ACTIVE  IN  ITS  PLACE 
AND  SHOULD  BE  USED  TO  LATCH  THE  DATA. 
COULD  BE  CONNECTED  DIRECTLY  TO  EOT*  IF 
THE  BIT  WORD  IS  DESIRED. 


BW_STR:  BIT  WORD  STROBE  -  ACTIVE  LOW  LEVEL  OUT- 
PUT PULSE  PRESENT  IN  THE  MIDDLE  OF  THE 
BIT  WORD  TRANSFER  TO  THE  SUBSYSTEM. 
THIS  SIGNAL  OCCURS  WHEN  THE  DATA  IS 
VALID.  SHOULD  BE  USED  TO  LATCH  THE  DATA 
(RECOMMEND  USING  THE  RISING  EDGE). 

VW_BW_FL:  VALID  WORD  /  BIT  WORD  ENABLE  FLAG  - 
MULTIPLEXED  OUTPUT  SIGNAL  THAT  IS 
DEFINED  AS  FOLLOWS:  IN  1553B  MODE  OF 
OPERATION,  IF  THE  EXTERNAL  BIT  WORD  OP- 
TION IS  USED  (S06  IS  SET  TO  LOGIC  "0")  AND  A 
MODE  TRANSMIT  BIT  WORD  COMMAND  IS 
RECEIVED,  THEN  THIS  SIGNAL  WILL  GO  LOW 
DURING  THE  TRANSFER  OF  THE  BIT  WORD 
FROM  THE  SUBSYSTEM  TO  THE  RT  TO  BE 
USED  TO  INDICATE  WHEN  THE  SUBSYSTEM 
SHOULD  DRIVE  THE  BUS  WITH  THE  DATA. 
NOTE,  C"S~  WILL  REMAIN  INACTIVE  DURING  THIS 
TRANSFER.  IN  1553A  MODE  OF  OPERATION, 
THIS  SIGNAL  IS  USED  AS  A  FLAG  TO  INFORM 
THE  SUBSYSTEM  THAT  THE  DATA  WORD  THAT 
WAS  JUST  RECEIVED  AND  IS  BEING  TRANS- 
FERED  HAD  A  PARITY  OR  MANCHESTER 
ERROR  IN  IT.  LOGIC  "0"  INDICATES  AN  ERROR. 
PRIMARILY  USED  IN  THE  BASIC  1553A  MODE. 


VII-127 


..  w  .,wW  ■  ru  ■  mi  ueaoHiH  HONS  (continued) 
 ADDRESS  BUS  SIGNALS  


A13: 


A12: 


BROADCAST  -  LATCHED  OUTPUT  SIGNAL  THAT 
REPRESENTS  THE  ADDRESSING  OF  THE 
PRESENT  COMMAND  WORD.  THAT  IS,  IT  WAS 
EITHER  A  BROADCAST  MESSAGE  (ALL  ONES  IN 
THE  RT  ADDRESS  FIELD  AND  BRO_ENA  WAS 
SET  TO  LOGIC  "1")  OR  A  COMMAND  AD- 
DRESSED EXPLICITLY  TO  THIS  TERMINAL  (THE 
ADDRESS  FIELD  OF  THE  COMMAND  WORD 
MATCHES  THE  TERMINAL'S  RT_AD_4  TO 
RTADO  INPUTS).  IT  IS  UPDATED  AFTER 
NBGRT  BUT  BEFORE  INCMD  GOES  ACTIVE.  A 
LOGIC  "1"  INDICATES  A  BROADCAST  COM- 
MAND, A  LOGIC  "0"  INDICATES  A  COMMAND  TO 
THE  BUS-65149'S  RT  ADDRESS.  CLEARED  BY 
RESET. 

NOTE:  THIS  SIGNAL  CAN  BE  PLACED  IN  A  HIGH 
IMPEDANCE  STATE  IF  DT_ACK  IS  NOT  ACTIVE. 
SEE  ADDR  ENA  FOR  MORE  DETAILS. 


TRANSMIT  /  RECEIVE  -  LATCHED  OUTPUT  SIG- 
NAL THAT  REPRESENTS  THE  LATCHED  T/R  BIT 
(D10)  OF  THE  PRESENT  COMMAND  WORD.  IT  IS 
UPDATED  AFTER  NBGRT  BUT  BEFORE  INCMD 
GOES  ACTIVE.  A  LOGIC  "1 "  INDICATES  A  TRANS- 
MIT COMMAND,  A  LOGIC  -0"  INDICATES  A 
RECEIVE  COMMAND.  CLEARED  BY  RESET. 

NOTE:  THIS  SIGNAL  CAN  BE  PLACED  IN  A  HIGH 
IMPEDANCE  STATE  IF  DT_ACK  IS  NOT  ACTIVE. 
SEE  ADDR  ENA  FOR  MORE  DETAILS. 


A11  (MSB)  THROUGH  A07  (LSB):  SUBADDRESS  [4:0]  - 
THESE  OUTPUTS  ARE  THE  LATCHED  DATA 
FROM  THE  SUBADDRESS  FIELD  OF  THE  COM- 
MAND WORD  RECEIVED.  THEY  ARE  UPDATED 
AFTER  NBGRT  BUT  BEFORETHCMJGOES  AC- 
TIVE. THEY  ARE  CLEARED  BY  RESET.  A1 1  COR- 
RESPONDS TO  SA4  WHICH  IS  THE  MSB  AND  A07 
CORRESPONDS  TO  SAO  WHICH  IS  THE  LSB. 

HQIE:  THESE  SIGNALS  CAN  BE  PLACED  IN  A 
HIGH  IMPEDANCE  STATE  IF  DT_ACK  IS  NOT 
ACTIVE.  SEE  ADDR  ENA  FOR  MORE  DETAILS. 


A06:  COMMAND  WORD  TRANSFER  -  ACTIVE  LOW 
LEVEL  OUTPUT  SIGNAL  THAT  IS  ASSERTED 
WHEN  THE  1553  COMMAND  WORD  IS  BEING 
TRANSFERRED  TO  THE  SUBSYSTEM  OVER  THE 
PARALLEL  DATA  BUS. 

NOTE:  THIS  SIGNAL  CAN  BE  PLACED  IN  A  HIGH 
IMPEDANCE  STATE  IF  DT_ACK  IS  NOT  ACTIVE. 
SEE  ADDR_ENA  FOR  MORE  DETAILS. 

A05(MSB)  THROUGH  A01(LSB):  WORD  COUNT  [4:0]  /  CUR- 
RENT WORD  COUNT  [4:0]  MULTIPLEXED  OUT- 
PUT SIGNAL  WHICH  DEFINED  AS  FOLLOWS: 
THESE  OUTPUTS  ARE  THE  LATCHED  DATA 
FROM  THE  WORD  COUNT  FIELD  OF  THE  COM- 
MAND WORD  RECEIVED.  THEY  ARE  UPDATED 
AFTER  NBGRT  BUT  BEFORE  INCMD  GOES  AC- 
TIVE. THEY  ARE  CLEARED  BY  RESET.  IF  THE 
PRESENT  COMMAND  IS  NOT  A  MODE  CODE 
AND  INCMD  IS  ACTIVE  THEN  THESE  LINES  BE- 
COME THE  OUTPUT  OF  A  CURRENT  WORD 
COUNTER.  THAT  IS,  WHEN  INCMD  GOES  AC- 
TIVE, THESE  OUTPUTS  GO  TO  LOGIC  0  AND  ARE 
THEN  INCREMENTED  AFTER  EVERY  DATA 
WORD  TRANSFER  OR  TIMEOUT.  WHEN  INCMD 
GOES  INACTIVE,  THEY  BECOME  THE  LATCHED 
WORD  COUNT  FIELD  AGAIN.  A5  COR- 
RESPONDS TO  WC4  WHICH  IS  THE  MSB  AND  A1 
CORRESPONDS  TO  WCO  WHICH  IS  THE  LSB. 

NOTE:  THESE  SIGNALS  CAN  BE  PLACED  IN  A 
HIGH  IMPEDANCE  STATE  IF  DT_ACK  IS  NOT 
ACTIVE.  SEE  ADDR_ENA  FOR  MORE  DETAILS. 

A00:  MSB  /  E5B  -  OUTPUT  SIGNAL  THAT  IS  USED 
DURING  EIGHT  BIT  DATA  TRANSFERS  TO  INDI- 
CATE WHICH  BYTE  OF  THE  PRESENT  16  BIT 
WORD  IS  BEING  TRANSFERED.  A  LOGIC  "1"  IN- 
DICATES THE  UPPER  BYTE  (MSB)  AND  A  LOGIC 
"0"  INDICATES  THE  LOWER  BYTE  (LSB).  IF  A  16 
BIT  DATA  STRUCTURE  IS  USED  (DB_SEL  - 
LOGIC  "0"),  THIS  BIT  WILL  ALWAYS  BE  LOGIC  "1 ". 

NQIE:  THIS  SIGNAL  CAN  BE  PLACED  IN  A  HIGH 
IMPEDANCE  STATE  IF  DT_ACK  IS  NOT  ACTIVE. 
SEE  ADDR  ENA  FOR  MORE  DETAILS. 


DATA  BUS  HIGHWAY 


D15  (MSB)  THROUGH  D00  (LSB): 

BI-DIRECTIONAL  DATA  BUS.  IN  THE  8-BIT  MODE,  D15  CONNECTS  TO  D7, . 


D8  CONNECTS  TO  DO. 


1 553  BUS  INPUT/OUTPUTS 


TX_RX_A,  TX_RX_A,  TX_RX_B,  and  TX_RX_B:  INPUT/OUTPUTS  TO  1553  ISOLATION  TRANSFORMERS. 


VIM  28 


ILC  DATA  DEVICE  BUS-65149 


CORPORATION 


TABLE  4.  BUS-65149  PINOUT  (preliminary 

2/14/90) 

PIN  NUMBER 

SIGNAL 

PIN  NUMBER 

SIGNAL 

1 

+5V  (LOGIC) 

46 

-12/15V_B 

2 

D15 

47 

GND_A 

3 

D14 

48 

+12/15V_A 

4 

D13 

49 

+5V.A 

5 

D12 

50 

TX/RXA 

6 

D11 

51 

TX/RX_A 

7 

D10 

52 

CH_B/A 

8 

D09 

53 

EOM 

9 

DOS 

54 

RESET 

10 

D07 

55 

T-D-STR 

11 

D06 

56 

INCMD 

12 

D05 

57 

NBGRT 

13 

D04 

58 

CLOCK.SEL 

14 

DOS 

59 

ABASE 

15 

D02 

60 

A1553 

16 

001 

61 

crac 

17 

D00 

62 

A13 

18 

RT_AD-4 

63 

A12 

19 

RT_AD_3 

64 

A11 

20 

RT_AD_2 

65 

A10 

21 

RT_AD_1 

66 

A09 

22 

RT_AD_0 

67 

A08 

23 

RT_AD_P 

68 

A07 

24 

BRO_ENA 

69 

A06 

25 

BIT_WD_REQ 

70 

A05 

26 

DTGRT 

71 

A04 

27 

HS_FAIL 

72 

A03 

28 

CS 

73 

A02 

29 

BW_STR" 

74 

A01 

30 

WRT 

75 

A00 

31 

DB_SEL 

76 

Test_mode 

32 

VW_BW_FL 

77 

CLOCKJN 

33 

ADDR_ENA 

78 

T_A_STR 

34 

DT_REQ 

79 

S10 

35 

RT_FAIL 

80 

S09 

36 

ME 

81 

SOS 

37 

RT_AD_ERR 

82 

S07 

38 

GSR 

83 

S06 

39 

DT_ACK 

84 

S05 

40 

TX/RX_B 

85 

S04 

41 

TX/RX_B 

86 

S03 

42 

+5VB 

87 

S02 

43 

+  12/15V_B 

88 

S01 

44 

GNDB 

89 

S00 

45 

-12/15V  B 

90 

GND  (LOGIC) 
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ILC  DATA  DEVICE  BUS-65149 


PIN  1  DENOTED  BY 
CONTRASTING 
COLORED  BEAD 


2.375 
"(60.325)" 


44  EO.SP.@  0.050  (1.27)  . 
2.200  (55.88) 
(TOL-NONCUM) 
SEE  NOTE  2 


0.050(1.27) 
"  (TYP) 


0.250  MAX 
(6.35) 

0.018  ±0.002 
(0.457  ±0.051) 
DIA.  (TYP) 


oooooooooooooooooooooq- 
ooooooooooooooooooooo  o 

2  44 


90oooooooooooooooooooooo46 

"OOOOOOOOOOOOOOOOOOOOOO- 


1.800(45.72) 
SEE  NOTE  2 


PIN  NUMBERS  ARE 
FOR  REF.  ONLY 


0.250  ±0.010 
(6.35  ±0.25)  " 


J  u 


1 .  Dimensions  are  in  inches  (millimeters). 

2.  Pin  cluster  to  be  centralized  within 
±0.010  (0.25  mm)  ot  outline  dimensions. 


BUS-65149  MECHANICAL  OUTLINE 
(90-PIN  DIP  HYBRID) 
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BUS-65149 


ILC  DATA  OIVICE 
CORPORATION   


ORDERING  INFORMATION 

BUS-65149-SS3B 


Reliability  Grade: 

883B  >  Fully  compliant  with  MIL-STD-883. 

B  -  Screened  to  MIL-STD-883  but  without 
QCI  testing. 

Blank -0°  to  70°  C 
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DESCRIPTION 

The  BUS-65505  provides  full,  intelligent 
interfacing  between  the  serial  dual  re- 
dundant MIL-STD-1553B  data  bus  and 
the  DEC  Unibus.  The  BUS-65505  Un- 
ibus  Interface  Unit  (UBIU)  can  be  oper- 
ated as  a  1553  bus  monitor  (MT),  bus 
controller  (BC)  or  remote  terminal 
(RTU).  The  UBIU's  1553  data  bus  mode 
of  operation  is  under  the  control  of  the 
subsystem  processor's  software.  The 
BUS-65505  is  packaged  on  one  multi- 
layer printed  circuit  card  conforming  to 
Unibus  size  specifications  and  com- 
plies fully  with  MIL-STD-1553B;  sup- 
porting 12  mode  codes,  all  message 
formats  and  complete  wraparound 
Built-in-Test  capability. 
The  BUS-65505  is  easy  and  flexible  to 
use.  User  overhead  is  reduced  by  the 
onboard  4K  x  16  memory,  vectored  in- 
terrupt priority  and  bus  grant  levels. 


BUS-65505  AND  BUS-65506 


MIL-STD-1553B  BC/RTU/MT 
UNIBUS®  INTERFACE  UNIT 


FEATURES 

•  COMPLETE  DUAL  REDUNDANT 

INTELLIGENT  BC/RTU/MT  WITH 
UNIBUS  INTERFACE 

•  SUPPORTS  ALL  MIL-STD-1553B 

MESSAGE  FORMATS  AND 
12  MODE  CODES 

•  4Kx16  DUAL  PORT  RAM  STORES: 

60  BC  MESSAGES  PLUS  ADDRESS 
STACK,  POINTER  AND  MESSAGE 

COUNT; 
119  RTU  MESSAGES  PLUS 
COMMAND  WORDS  AND 

POINTERS; 
16  MT  DATA  AREAS  AND  POINTER 

•  STANDARD  ONE  HEX  HEIGHT 

UNIBUS  CARD 

•  UNIBUS  NON-PROCESSOR 

REQUEST  DMA  TRANSFERS 

•  COMPLETE  WRAP  AROUND 

BUILT-IN-TEST 


Unit  mode  and  operation  are  under 
subsystem  control  with  functional  and 
electrical  compatibility  with  Unibus 
specifications. 

Double  buffering  the  UBIU's  onboard 
memory  prevents  partially  updated 
data  from  being  read  by  the  subsystem 
processor  or  transmitted  to  the  1553 
data  bus.  The  BUS-65505  will  store,  re- 
spond to  and  transmit  up  to  119  mes- 
sages, depending  on  the  mode  of  oper- 
ation selected. 

All  MIL-STD-1553B  functions:  address 
recognition,  Manchester  coding  valida- 
tion, bit  count  and  mode  code  response 
are  provided  transparent  to  and  with- 
out user  subsystem  intervention. 


DATA 
BUS  8 


XFMR 

DUMB 
RTU 

FIGURE  1.  BUS-65505  BLOCK  DIAGRAM 

CSUnibus  is  a  Registered  Trademark  oi  Digital  Equipment  Corporation. 


BUS  REQUEST  (4) 
BUS  GRANT  18) 


NPRG  IN/OUT  12) 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-65505  AND  BUS-65506 


TABLE  1.  BUS-65505  SPECIFICATIONS 

Values  at  nominal  power  supply  voltages. 

PARAMETER 

UNITS 

VALUE 

LOGIC 

ill  i 

MH«  'IL.  'OH>  'OL 

1  QtanrHarH  I  IWIRI 
I  oidnudru  UMIDUo 

load.  See  table  5) 

Voh 

V 

2.5  min 

Vol 

V 

0.4  max 

V,h 

V 

2.4  min 

v.. 

VIL 

v 

n  R  may 

\J  .  O  1 1 1  OA 

POWER  SUPPLIES 

+5V  Supply 

Voltage  Tolerance 

% 

10 

Current  Drain 

A 

4.0  max 

+  12V  Supply* 

Voltage  Tolerance 

% 

5 

Current  Drain 

mA 

300  max 

-12V  Supply- 

Voltage  Tolerance 

% 

5 

Current  Drain 

mA 

300  max 

TEMPERATURE  RANGE  (Case) 

Operating" 

°C 

Oto+70 

Storage 

°C 

-65  to +  150 

SIZE 

in 

8.43*15.6x0.6  max 

(cm) 

(21.4*39.6*0.157) 

•BUS-65505  uses  ±  1 2V  supplies  and  BUS-65506  uses  ±  1 5V  supplies. 
"Consult  factory  for  wider  operating  temperature  range. 


GENERAL 

All  data  transfers  between  the  UBIU  and  the  subsystem  proces- 
sor are  made  on  a  word  basis  by  either  a  cycle  steal  DMA  using 
Unibus  NPR  (non-processor  request)  or  normal  I/O  transfer  with 
indirect  UBIU  memory  addressing. 

Two  command/status  registers  are  used  by  the  subsystem  pro- 
cessor to  read  status  and  load  operating  parameters.  Five  addi- 
tional registers  are  used  for  DMA  and  memory  transfers  between 
the  UBIU  and  subsystem.  Address  for  memory  and  the  I/O  regis- 
ters are  programmable  through  groups  of  jumpers  on  the  circuit 
board.  Interrupt  request  and  grant  level  are  selectable  to  one  of 
four  levels  through  user  programmable  jumpers. 

The  dual  redundant  1553B  data  bus  connects  to  the  UBIU  by  a 
set  of  connectors  mounted  to  the  top  of  the  circuit  board.  The 
UBIU  requires  one  hex  Unibus  slot. 


BUS  CONTROLLER  MEMORY  OPERATION 

While  in  the  bus  controller  (BC)  mode  of  operation,  the  UBIU's 
memory  is  allocated  into  4  main  areas: 

•  Message  Count  Areas  (A  &  B) 

•  Data  Block  Address  Pointers  (A  &  B) 

•  Data  Block  Address  Stacks  (A  &  B) 

•  Data  Blocks 

Memory  allocations  in  the  BC  mode  are  listed  in  table  2. 


TABLE  2.  BC  MEMORY  ALLOCATION 

BYTE  ADDRESS 

CONTENTS 

0000 

MESSAGE  COUNT  (A) 

0002 

MESSAGE  COUNT  (B) 

0004  -  007E 

NOT  USED 

0080  -  00FE 

DATA  BLOCK  0 

0100-017E 

DATA  BLOCK  ADDRESS  STACK  (A) 

0180  -  01 FE 

DATA  BLOCK  ADDRESS  STACK  (B) 

0200 

STACK  POINTER  (A) 

0202 

STACK  POINTER  (B) 

0204  -  027E 

NOT  USED 

0280  -  02FE 

DATA  BLOCK  1 

0300  -  037E 

DATA  BLOCK  2 

• 

1F80-IFFE 

DATA  BLOCK  57 

Message  Count  (A  &  B) 

These  memory  locations  contain  the  number  of  messages  to  be 
transmitted  on  the  1 553  bus.  They  are  loaded  by  the  subsystem 
processor  before  the  issuance  of  the  controller  start  command 
and  decremented  by  the  UBIU  during  1553  transfer  operations. 

Stack  Pointer  (A  &  B) 

These  pointers  contain  the  address  of  the  next  data  block  location 
to  be  transferred  to  the  1 553  data  bus.  The  pointers  are  initialized 
to  stack  -2  by  the  subsystem  and  incremented  by  the  BC  when 
a  data  block  is  to  be  transferred.  In  the  event  of  an  error  interrupt, 
the  pointer  will  indicate  the  data  block  stack  location  of  the  error. 

Data  Block  Address  Stack  (A  &  B) 

There  are  FIRST-IN-FIRST-OUT,  64  word  stacks.  The  offset 
address  of  each  data  block  ready  to  be  processed  is  loaded  by 
the  subsystem  in  sequential  locations. 


Data  Blocks 

A  maximum  of  64  data  blocks  can  be  handled  by  the  bus  control- 
ler. The  subsystem  processor  loads  each  data  block  sequentially. 
Each  data  block  consists  of  a  control  word  (figure  2)  followed 
by  the  1553  command  and  data  word(s)  to  be  transferred.  The 
last  data  word  transferred  is  looped  back  to  the  next  addressable 
location  for  a  loop  error  test.  Received  status  and  data  are  added 
to  the  data  block  and  stored  in  the  same  format  they  appeared 
on  the  bus. 


I  ^  ^  I :        J  :  J  0 
| — NOT  USED— | 

BUS  CHANNEL  A/B  — 
SPARE  — 
SPARE  — 
SPARE  — 


-RTTORT 

-  BROADCAST 

-  MODE CODE 
-SPARE 


FIGURE  2.  CONTROL  WORD 


VIM  33 


THfie  transmitting  or  receiving  RT  fails  to  respond  with  a  status 
word  within  14/ns.  The  BC  will  then  issue  a  format  error  interrupt 
to  the  subsystem  processor.  This  is  done  to  prevent  locking  the 
bus  as  described  in  MIL-STD-1553B. 

BC  Sequence  of  Operation 

The  BC  START  COMMAND,  once  received,  starts  the  BC  se- 
quence of  operation.  This  sequence  is  illustrated  in  figure  3. 


c 


BUS  CONTROLLER  START 
COMMAND  RECEIVED 


) 


INCREMENT  STACK 
POINTER  BY  2 


USE  POINTER  TO  RETRIEVE 
ADDRESS  OF  DATA  BLOCK 
FROM  STACK 


TRANSFER  DATA  BLOCK 
TO/FROM  1553  DATA  BUS 


DECREMENT  NUMBER  OF 
BLOCKS  TO  TRANSFER 


T  BLOCK  \^_YES_ 
TRANSFERRED?  . 


GENERATE  DONE  INTERRUPT 
IF  ENABLED. 
UPDATE  CSR1 


ERROR 
DETECTED? 


GENERATE  ERROR  INTERRUPT 

NO  I 

IF  ENABLED. 

UPDATE  CSR1 

'     LAST  BLOCK  X« 

■v^TRANSFERRED?/ 

YES  I* 

^  STOP  ^ 


FIGURE  3.  BC  SEQUENCE  OF  OPERATION 
DATA  FORMATS 

Data  is  stored  in  the  format  illustrated  in  figure  4. 
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J  L 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BY  UBIU 


J  I  """"  I 


MODE 
COMMAND 
LOOPED BACK 
BY  UBIU 


MODE 
COMMAND 
LOOPED BACK 
BY  UBH 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BY  UBIU 


DATA  WORD 
LOOPED  BACK 
BY  UBIU 


DATA  WORD 
LAST 
LOOPEDBACK 
BY  UBH 


STATUS 
WORD  1 
FROM 
XMTR 


DATA  WORD 
WORD  1 
RECEIVED 


MODE  CODE  MODE  CODE 

W  DATA  -  W  DATA  - 

RECEIVE  DATA  TRANSMIT  DATA 

BLOCK  BLOCK 

FORMAT  FORMAT 


DATA  WORD 
WORD  2 
RECEIVED 


LAST DATA 

WORD 
RECEIVED 


STATUS 
WORD  2 
FROM 
RECEIVER 


REMOTE  TERMINAL 
TO  REMOTE  TERMINAL 
DATA  BLOCK 


FIGURE  4.  DATA  FORMATS 


REMOTE  TERMINAL  MODE  -  MEMORY  OPERATION 

In  the  remote  terminal  mode  (RT),  the  UBIU's  memory  is  divided 
into  4  main  areas: 

•  Data  Block  Look-Up  Tables  (A  &  B) 

•  Command  Word  Stacks  (A  &  B) 

•  Command  Word  Stack  Pointers  (A  &  B) 

•  1 1 9  Data  Blocks 

Memory  allocations  in  the  RT  mode  are  listed  in  table  3. 


TABLE  3.  RT  MEMORY  ALLOCATION 

BYTE  ADDRESS 

CONTENTS 

0000  -  007E 

DATA  BLOCK  LOOK-UP  TABLE  (A) 

0080  -  00FE 

COMMAND  WORD  STACK  (A) 

0100-017E 

DATA  BLOCK  LOOK-UP  TABLE  (B) 

0180-01FE 

COMMAND  WORD  STACK  (B) 

0200 

COMMAND  WORD  STACK  POINTER  (A) 

0202 

COMMAND  WORD  STACK  POINTER  (B) 

0204  -  023E 

NOT  USED 

0240  -  027E 

DATA  BLOCK  1 

• 
• 
• 

1FC0-IFFE 

DATA  BLOCK  119 

ILC  DATA  DEVICE 


BUS-65505  AND  BUS-65506 


Command  Word  Stack  (A  &  B) 

This  is  a  64  word  stack  that  will  store  valid  received  1553  com- 
mand words.  The  command  stack  may  be  examined  by  the 
subsystem  processor  (by  way  of  the  pointer)  to  determine  the 
last  or  current  1553  command  received. 


RT  Sequence  of  Operation 

A  1553  command,  once  received  by  the  RT  starts  the  sequence 
of  operation  illustrated  in  figure  6. 


Stack  Pointers  (A  &  B) 

These  locations  contain  the  stack  address  of  the  last  command 
word  received. 

Data  Block  Look-up  Table  (A  &  B) 

The  look-up  table  is  a  64  word  area  that  contains  the  data  block 
base  addresses.  It  is  initialized  by  the  subsystem  processor  with 
the  addresses  of  the  data  blocks.  The  look-up  table  is  addressed 
by  the  hardware  using  the  T/R  bit  and  5  subaddress  bits  from  the 
command  word  received.  These  bits  are  illustrated  in  figure  5. 

piM^n°i.i.i  1 1  in 


t-NOTUSED-l 


|subadr| 

I— T/R 
CTLA  (B/A) 


FIGURE  5.  DATA  BLOCK  LOOK-UP  TABLE  SELECT 


Data  Blocks 

The  data  words  within  each  data  block  are  placed  sequentially 
using  an  internal  UBIU  word  counter.  At  the  beginning  of  a  data 
block  access,  bit  15  of  the  look-up  table  word  is  set  to  indicate 
a  busy  condition.  This  bit  is  reset  after  the  data  block  transfer 
is  complete,  and  a  DONE  interrupt  is  generated  (if  enabled)  to 
the  subsystem  processor. 

Invalid  Command 

An  incomplete  data  transfer  will  result  in  the  RTU  generating  an 
error  interrupt.  If  the  command  being  executed  at  the  time  of 
error  is  to  transfer  data,  the  busy  flag  previously  set  in  the  look-up 
table  will  not  be  reset  and  can  be  interpreted  as  an  incomplete 
transfer.  If  the  command  had  been  to  transmit  data,  bit  15  indi- 
cates a  partially  transmitted  block.  An  incomplete  data  transfer 
can  be  caused  by  the  arrival  of  a  superseding  command. 


c 


1553  COMMAND  RECEIVED 


) 


USE  T/R  BIT  AND  SUBADDRESS 
TO  OBTAIN  ADDRESS 
OF  DATA  BLOCK 


TRANSFER  DATA 
TO'FROM  DATA  BLOCK 


GENERATE  ERROR  INTERRUPT 
IF  ENABLED 
UPDATE  CSR i 


GENERATE  DONE  INTERRUPT 
IF  ENABLED. 
UPDATE  CSR1 


(WAIT  FOR  A 
NEXT  COMMAND  J 


FIGURE  6.  RT  SEQUENCE  OF  OPERATION 


BUS  MONITOR  -  MEMORY  OPERATION 

In  this  mode,  the  UBIU's  memory  is  divided  into  two  main  areas: 

•  Data  Area  Address  Pointers  (A  &  B) 

•  1 6  Data  Areas 

Memory  allocations  in  the  NIT  mode  are  listed  in  table  4. 

Data  Area  Address  Pointers  (A  &  B) 

The  pointers  are  updated  by  the  UBIU  and  contain  the  address 
(13  LSB)  of  the  last  data  location  processed  by  the  UBIU.  Bit 
15  of  the  pointer  is  set  to  logic  '1'  to  indicate  a  word  has  been 
received.  The  pointers  should  be  initialized  to  the  value  equal 
to  the  starting  address  of  the  first  Data  Block. 


TABLE  4.  MT  MEMORY  ALLOCATION 

BYTE  ADDRESS 

CONTENTS 

0000 

DATA  AREA  ADDRESS  POINTER  (A) 

0002 

DATA  AREA  ADDRESS  POINTER  (B) 

0004  -  0FFF 

NOT  USED 

1000-  10FE 

DATA  AREA  1 

1100-11FE 

DATA  AREA  2 

• 
• 
• 

1  F00  -  IFFF 

DATA  AREA  16 
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Data  Areas 

Each  data  area  is  a  128  word  section  of  sequential  memory. 
Whenever  the  end  of  a  data  area  is  reached,  the  beginning  of 
the  next  area  is  selected.  A  DONE  flag  is  set  in  the  CSR1  control 
register  to  indicate  a  word  transfer  and  a  DONE  interrupt  is 
generated  by  the  UBIU  whenever  memory  addresses  cross  a 
data  area  boundary.  Data  area  1  is  considered  to  follow  data 
area  16. 


LOOP  TESTS 

The  UBIU  executes  loop  tests  to  ensure  its  operational  state. 
The  types  of  loop  tests  are: 

•  LONG  LOOP  TEST  -  In  the  bus  controller  mode  only,  the 
UBIU  will  receive  the  last  word  it  transmitted  and  pass  this 
word  into  memory  where  it  can  be  processed  by  the  subsys- 
tem processor  for  accuracy  of  both  transmit  and  receive  func- 
tions. 


IDENTIFICATION  WORD 

An  identification  word  is  generated  by  the  UBIU  for  every  1553 
word  received.  Identification  words  are  stored  with  their  as- 
sociated data  words  in  sequential  memory  locations.  Figure  7 
illustrates  the  Identification  Word. 


•  SHORT  LOOP  TEST  -  is  executed  whenever  the  UBIU  is 
operating  as  bus  controller  (BC)  or  remote  terminal  (RTU). 
The  last  word  transmitted  is  looped  back  to  the  decoder  and 
compared.  An  error  will  cause  an  error  interrupt  and  a  remote 
terminal  to  set  the  terminal  flag  bit  in  the  1553  status  word. 


15  8 


| — NOT  USED— | 


WORD  RECEIVED  - 
SPARE ■ 
SPARE ■ 
SPARE  - 

COMMAND  SYNC  - 


rrrn 


'  ERROR 

-WORD  GAP 
-CHANNEL  A 


Notes: 

(1 )  COMMAND  SYNC  is  set  to  indicate  the  associated  data  word 
was  received  with  command  sync. 

(2)  CHANNEL  A  is  set  when  the  associated  data  word  was  re- 
ceived on  (1 553)  bus  channel  A. 

(3)  WORD  GAP  is  set  to  indicate  a  gap  preceded  the  received 
word. 

(4)  ERROR  is  set  when  the  received  word  contained  a  Manches- 
ter, parity  or  gap  error. 


FIGURE  7.  IDENTIFICATION  WORD 


DOUBLE  BUFFERING 

Double  buffering  is  used  to  prevent  partially  updated  data  blocks 
from  being  read  by  the  subsystem  processor  or  transmitted  to 
the  1 553  data  bus.  The  UBIU's  memory  is  divided  into  two  control 
areas,  A  and  B,  one  of  which  is  designated  the  "current"  area 
by  the  subsystem  processor.  The  current  area  is  used  by  the 
UBIU  for  receiving  and  transmitting  on  the  1553  data  bus,  while 
the  non-current  area  is  used  by  the  subsystem  processor  to 
write  into  or  read  from  the  UBIU  memory.  The  selection  of  the 
current  area  is  made  by  the  subsystem  processor  using  the 
CSR2  command/status  register.  The  actual  switching  of  the  con- 
trol areas  is  done  by  the  UBIU  when  it  is  not  active  on  the  1553 
data  bus. 


INTERRUPT  VECTOR  SELECTION 

When  the  UBIU  is  operating  in  the  BC  or  RTU  mode,  interrupt 
requests  are  generated  to  the  subsystem.  In  response,  the  sub- 
system  will  generate  an  interrupt  bus  grant,  and  request,  through 
an  INTR  signal,  that  the  UBIU  put  a  16  bit  vector  word  on  the 
data  lines. 


15  10  o 
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INTERRUPT  TYPE 


VECTOR  ADDRESS 
(USER  SELECTABLE) 


Notes: 

(1)  Bit  2  indicates  the  INTERRUPT  TYPE  to  the  processor.  A 
logic  "0"  indicates  a  CSR1 ,  and  a  logic  "1"  a  CSR2. 

(2)  Bus  request  and  grant  priorities  are  user  assignable  with 
jumpers  to  one  of  four  priorities. 

(3)  User  selectable  jumpers  determine  the  interrupt  vector  ad- 
dress. (See  jumper  group  S3). 

FIGURE  8.  INTERRUPT  VECTOR 


MODE  CODES 

Table  5  lists  the  1553  mode  codes  supported  by  the  UBIU.  Any 
valid  1 553  mode  code  not  implemented  in  the  UBIU  is  considered 
illegal.  The  RTU  response  to  an  illegal  mode  code  is  to  set  the 
message  error  bit  in  the  status  word  and  do  nothing  further  than 
transmitting  the  status  word. 
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TABLE  5.  MODE  CODES 

T/R 
BIT 

MODE 
CODE 

FUNCTION 

DATA 
WORD 

BROAD- 
CAST 

1 
1 
1 
1 
1 

1 
1 

0 

1 

1 
1 
1 

00000 
00001 
00010 
00100 
00101 

01000 
10000 

10001 

10010 

00110 
00111 
00011 

Dynamic  bus  control 
Synchronize 
Transmit  status  word 
Transmitter  shutdown 
Override  transmitter 

shutdown 
Reset  remote  terminal 
Transmit  vector  word 

Synchronize 

Transmit  last  command 

Inhibit  terminal  flag 
Override  inhibit  terminal  flag 
Initiate  self-test 

NO 
NO 
NO 
NO 
NO 

NO 
From 
Memory 

To 
Memory 
From 
UBIU 

NO 

NO 

NO 

NO 
YES 

NO 
YES 
YES 

YES 
NO 

YES 

NO 

YES 
YES 
YES 

Note:  (1 )  Initiate  self-test  causes  no  action  since  an  RT  does  a  continuous 
short  loop  test. 


MT  Sequence  of  Operation 

Once  a  word  is  received  on  the  1553  bus,  the  MT  sequence  of 
operation  follows  as  illustrated  in  figure  9. 


♦  

GENERATE  DONE  INTERRUPT 
IF  ENABLED. 
UPDATE  CSR1 


STORE 
IDENTIFICATION  WORD 


SET  MSB  OF  POINTER 
TOT 

T 


INCREMENT 
STACK  POINTER  BY  2 

T 


STORE  DATA  WORD 

I 

(WAIT  FOR  NEXT  WORD 
ON  1553  BUS 


FIGURE  9.  MT  SEQUENCE  OF  OPERATION 
SUBSYSTEM  I/O 

Two  forms  of  Subsystem  I/O  are  available:  DMA  and  non-DMA. 
To  use  DMA  operation,  the  subsystem  loads  the  starting  address 
of  the  UBIU  RAM  into  the  UBIU  Memory  Address  Register  (MAR 
XXXXA).  The  Unibus  address  can  be  up  to  18  bits.  The  starting 


address  of  the  Unibus  memory  must  be  loaded  into  the  DMA 
Bus  Address  Register  (BAR  XXXX6).  Address  bits  17  and  18 
are  loaded  in  bits  4  and  5  of  the  Command  Status  Register  1 
(CSR1  XXXX0). 

The  subsystem  indicates  the  direction  of  data  transfer  by  setting 
the  DMA  read  bit  (bit  4)  in  the  CSR2  (XXXX2)  if  data  is  to  be 
transferred  from  the  UBIU  to  the  Unibus  subsystem.  This  bit 
should  be  "0"  if  data  is  to  be  written  to  the  UBIU.  The  subsystem 
must  1  's  complement,  then  enter  the  word  count  in  the  DMA 
Word  Count  Register  (XXXX8). 

DMA  transfer  is  initiated  once  the  subsystem  sets  the  DMA  start 
bit  (bit  2)  in  CSR1 .  If  desired,  the  UBIU  will  generate  an  interrupt 
when  the  indicated  number  of  words  have  been  transferred.  This 
is  done  by  setting  the  DMA  Interrupt  Enable  bit  (bit  5)  in  CSR2. 
The  subsystem  can  also  implement  non-DMA  transfers  by  plac- 
ing the  UBIU  RAM  address  in  the  BAR  (XXXX6)  and 
executing  a  READ  or  WRITE  statement;  this  will  transfer  one 
word. 

COMMAND/STATUS  REGISTERS 

Command/status  registers  are  used  to  set  and  read  the  basic 
operating  parameters  of  the  UBIU.  The  I/O  addresses  of  these 
registers  are  selectable  by  jumping  address  bits  A13  through 
A4.  The  Command/Status  Registers  are  listed  in  table  6. 


TABLE  6.  COMMAND/STATUS  REGISTERS 

ADDRESS 

NAME 

DESCRIPTION 

FUNCTION 

XXXXO 

CSR1 

UBIU  Command/ 
Status  Register  1 

Used  to  load  operational  mode 
and  to  check  status  of  UBIU. 
Specific  modes/functions  defined 
by  data  word  (figure  1 0). 

XXXX2 

CSR2 

UBIU  Command/ 
Status  Register  2 

Used  by  subsystem  to  load/ 
read  UBIU  control  area  select, 
set  4  external  1 553  status  bits 
(RT  mode),  read  1 553  channels 
A  and  B  RT  address  parity  errors, 
and  start/check  status  of  DMA 
transfer  (figure  11). 

XXXX4 

Reserved 

XXXX6 

BAR 

DMA  Bus 
Address  Register 

Loaded  by  subsystem  processor 
with  1 6  bit  UNIBUS  starting  ad- 
dress for  DM  A  transfer.  The  two 
MSBs  are  contained  in 
Command/Status  Register  1 . 

XXXX8 

WCR 

DMA  Word 
Count  Register 

A 1 6  bit  register  loaded  by  the 
subsystem  processor  with  the 
number  of  words  to  be  trans- 
ferred during  a  DMA. 

XXXXA 

MAR 

UBIU  Memory 
Address  Register 

Contains  1 3  bit  UBIU  memory 
starting  address,  loaded  by  sub- 
system and  incremented  by  two 
after  each  DMA  transfer. 

XXXXC 

MDA 

UBIU  Memory 
Data  Command 
Register 

Memory  Data  Command  issued 
by  the  subsystem  to  initiate  trans- 
fer of  a  data  word  to  or  from  the 
UBIU  memory.  The  address  of 
the  data  word  is  contained  in  the 
UBIU  MAR. 

XXXXE 

MDT 

UBIU  Memory 
Data  Register 

Same  as  Memory  Data 
Command  Register. 

Note:  XXXX  indicates  user  programmable  hex  digits. 
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ERROR 
STATUS  SET- 

LOOP  TEST  FAIL  - 
TIMEOUT/1553  FORMAT  ERROR" 
NOTUSED- 


MODE  j  RT 

Lmt 


0 

0 

1 

0 

0 

1 

-  RESET 

.  CONTROLLER 
START 

■  DMA  START 

•  NOT  USED 

•  MEMORY  A16 
MEMORY  A17 
INTERRUPT 

ENABLE 

■  DONE  (EOM) 


Notes: 

(1)  ERROR  will  be  set  by  the  UBIU  if  either  loop  test  fail,  format 
error,  or  status  word  set  are  set  to  a  logic  "1"  condition. 

(2)  STATUS  SET  will  be  set  by  a  BC  whenever  the  status 
response  from  a  RTU  contains  an  incorrect  address  or  any 
of  the  eight  status  bits  of  the  1 553  data  word  are  set. 

(3)  LOOP  TEST  FAIL  will  be  set  by  the  UBIU  in  BC  or  RTU 
mode  when  the  last  word  transmitted  over  the  1553  bus  did 
not  loop  back  correctly. 

(4)  TIMEOUT/1553  FORMAT  ERROR  is  set  by  the  UBIU  in 
the  BC  or  RTU  mode  to  indicate  a  word/message  fault  or 
a  no  response  time  out  has  occurred. 

(5)  DONE  is  set  by  the  UBIU  when  all  the  blocks  required  are 
transmitted  to  the  1553  data  bus  (BC  mode)  at  the  comple- 
tion of  every  1553  message  transfer  (RT  mode),  or  when 
data  has  overflowed  into  the  next  data  area  (MT  mode). 

(6)  INTERRUPT  ENABLE  bit  is  set  to  logic  "1 "  by  the  subsystem 
processor  to  enable  the  UBIU  generating  an  interrupt  when 


either  the  DONE  or  ERROR  bit  is  set.  When  an  interrupt  is 
acknowledged  by  the  processor,  further  interrupts  are  inhi- 
bited until  reenabled.  A  CSR1  read  command  issued  by  the 
processor  clears  and  reenables  the  interrupts. 

(7)  MEMORY  BITS  A17  and  A16  are  set  by  the  subsystem 
processor  when  an  1 8  bit  address  is  used.  A1 7  is  the  MSB. 

(8)  DMA  START  is  set  by  the  subsystem  processor  to  start  a 
DMA  transfer.  The  subsystem  must  place  the  number  of 
words  to  transfer  in  the  Word  Count  Register,  the  UNIBUS 
starting  address  into  the  Buffer  Address  Register  and  the 
UBIU  starting  address  in  the  Memory  Address  Register. 

(9)  CONTROLLER  START  BIT  is  set  by  the  subsystem  proces- 
sor to  initiate  a  transfer  from  a  BC  to  the  1553  data  bus. 
Message  count  areas  (A  or  B)  must  be  loaded  with  the 
number  of  messages  to  transfer. 

(10)  The  RESET  bit  is  set  by  the  subsystem  processor  to  initialize 
the  UBIU  to  the  power-on  condition. 


FIGURE  10.  COMMAND  STATUS  REGISTER  1 
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DMA  DONE  - 
CH  A  PARITY  - 


CH  B  PARITY  - 
CTRL  A  SELECTED  (B/A)  - 
NOT USED - 
CTRL  A  DESIRED  (B/A)- 
NOTUSED- 
NOTUSED- 


n 


II 


-SERVICE  REQUEST 

-SUBSYSTEM  FLAG 

-BUSY 

-DB ACCEPT 

-DMA READ 

-  DMA  INT,  ENGAGE 

-  INTERRUPT  ENA  (SWAP  CURRENT  AREA) 

-  INTERRUPT  (SWAP  CURRENT  AREA) 


Notes: 

(1 )  DMA  DONE  is  set  by  the  UBIU  after  the  number  of  messages 
loaded  by  the  processor  for  transfer  have  been  transferred. 
This  bit  is  reset  when  the  processor  issues  a  CSR2  read 
command.   

(2)  CHANNEL  A/CHANNEL  B  PARITY  reflects  the  result  of  the 
parity  check  of  the  RTU  address,  (0  =  error  detected,  1  = 
good  status). 

(3)  CTRLA  SELECTED  (B/A)  is  set  by  the  UBIU  when  control 
area  A  has  been  selected. 

(4)  CTRLA  DESIRED  (B/A)  is  set  by  the  processor  to  request 
the  UBIU  set  control  area  A  as  "current". 


(5)  INTERRUPT  is  set  by  the  UBIU  to  indicate  the  desired  control 
area  is  selected.  It  is  reset  when  the  subsystem  issues  a 
CSR2  read  command. 

(6)  INTERRUPT  ENABLE  is  set  to  logic  "1"  to  enable  the  UBIU 
to  generate  an  interrupt  when  the  INTERRUPT  bit  is  set. 

(7)  DMA  INT  ENGAGE  is  set  by  the  processor  to  enable  the 
UBIU  to  generate  DMA  DONE  interrupts. 

(8)  DMA  READ  is  used  to  indicate  the  direction  for  a  DMA  trans- 
fer. When  set  to  logic  "1",  data  direction  is  from  the  UBIU  to 
the  processor. 

(9)  The  last  four  bits  are  set  by  the  processor  and  used  for  the 
RTU  status  word. 


FIGURE  11.  UBIU  COMMAND/STATUS  REGISTER  2 
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TABLE  7.  BUS-65505  CONNECTOR  C 
PIN  FUNCTIONS 

TABLE  8.  BUS-65505  CONNECTOR  D 
PIN  FUNCTIONS 

PIN 

NO. 

NAME 

DESCRIPTION 

STANDARD 
BUS  LOADS 

PIN 

NO. 

NAME 

DESCRIPTION 

STANDARD 
m  iq  i  nAnc« 

CA1 

NrHuIN 

Non  processor  request  grant  in. 

DA1 



CA2 

+  5 

+  5  Volts 

—  

N/A 

DA2 

+  5 

+  b  volts 

hi  t  A 
IN/ A 

CB1 

►.inn    r~\  i  it 

Non  processor  request  grant  out. 

DB1 

No  connection. 

Ob<: 

It 

—  1 2  Volts 

— - — 

N/A 

UDC 

12 

—  19  Unite 
\£.  VOIlS 

N/A 

CC1 

PA 

rarity  error  A.  (Not  Used } 

DC1 

No  connection. 

Signal  ground. 

— - — 

N/A 

DC2 

nni  IMF! 

Signal  ground. 

N/A 

CD1 

No  connection. 

DDI 

No  connection. 

CD2 



D1 5 

Data  bit  1 5. 

1 

DD2 



BR7 

Bus  request  07. 

1 

Obi 

No  connection. 

DEt 

No  connection. 

CE2 



D14 

Data  bit  1 4. 

DE2 



BR6 

Bus  request  06. 

1 

CF1 

No  connection. 

 -  

DF1 

—  

No  connection. 

CF2 



D13 

Data  bit  1 3. 

1 

DF2 

BR5 

Bus  request  05. 

1 

CH1 

D1 1 

Data  bit  1 1 . 

1 

DH1 

No  connection. 

CH2 

D12 

Data  bit  1 2. 

 1  

DH2 

—  

BR4 

Bus  request  04. 

1 

CJ1 

No  connection. 

DJ1 

No  connection. 

CJ2 



D10 

Data  bit  1 0. 

1 

DJ2 

No  connection. 

CK1 

No  connection. 

DK1 

No  connection. 

CK2 



D09 

Data  bit  09. 

1 

DK2 

BG7IN 

Bus  grant  in  07. 

1 

CL1 

No  connection. 

DL1 

(NIT 

Initialize. 

1 

CL2 

—  ■ 

D08 

Data  bit  08. 

1 

DL2 

n             l  it" 

BG7UUT 

Bus  grant  out  07. 

1 

CM1 

No  connection. 

DM1 

No  connection. 

CM2 



D07 

Data  bit  07. 

1 

DM2 

BG6IN 

Bus  grant  in  06. 

1 

CN1 

No  connection. 

DN1 

No  connection. 

CN2 



D04 

Data  bit  04. 

1 

DN2 

BGoOUT 

Bus  grant  out  06. 

1 

CP1 

No  connection. 

DP1 

No  connection. 

CP2 

 . 

D05 

Data  bit  05. 

 1  

DP2 

BG5IN 

Busgrantin05. 

1 

CR1 

No  connection. 

DR1 

No  connection. 

f  no 



D01 

Data  Ditu  i . 

DR2 

Of^  C/~\t  IT 

BbbUU  1 

Bus  grant  out  05. 

1 

CS1 

PB 

Parity  Frrnr  R  fNlntlJ^prt^ 



DS1 

No  connection. 

CS2 

D00 

Data  bit  00. 

DS2 

BG4IN 

Bus  grant  in  04. 

1 

CT1 

Ground 

Signal  ground. 

N  A 

DT1 

Ground 

Signal  ground. 

CT2 

D03 

Data  bit  03. 

DT2 

BG4QUT 

Bus  grant  out  04. 

1 

CU1 

+  12 

+12  Volts 

N/A 

DU1 

No  connection. 

CU2 

D02 

Data  bit  02. 

DU2 

No  connection. 

CV1 

No  connection. 

DV1 

No  connection. 

CV2 

D06 

Data  bit  06. 

1 

DV2 

No  connection. 

"One  standard  Unibus  load  is  defined  as: 
liH=maximum  input  HIGH  current  at  Vin=2.4V  min.  -  60  mA. 
liL=maximum  input  LOW  current  at  V,n=0.8V  max.  =  -2.0  mA. 
loH=maximL,m  output  HIGH  current  at  Vou(=4.5V  min.  =  25  mA. 
lOL=maximum  output  LOW  current  at  VOU(  =  0.4V  max.  =  48  mA. 


'One  standard  Unibus  load  is  defined  as: 
l,H   maximum  input  HIGH  current  at  V,M^2.4V  min  -  60  mA. 
I,L -maximum  input  LOW  current  at  V„,^0.8V  max.  =  -2.0  mA. 
lOH  maximum  output  HIGH  current  at  V,„1I=4.5V  mm.  =  25  mA. 
lol   maximum  output  LOW  current  at  V,,,,,-  0.4V  max.  -  48  mA. 
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TABLE  9.  BUS-65505  CONNECTOR  E 
PIN  FUNCTIONS 

PIN 

NO. 

NAME 

DESCRIPTION 

STANDARD 
BUSLOADS* 

EA1 

No  connection. 

EA2 

+  5 

<-  5  Volts 

N/A 

EB1 

No  connection. 

EB2 

-12 

-12  Volts 

N/A 

EC1 

A12 

Address  bit  12. 

1 

EC2 

GROUND 

Signal  ground. 

N/A 

ED1 

A17 

Address  bit  17. 

1 

ED? 

A15 

Address  bit  15. 

1 

EE1 

MSYNC 

Master  sync. 

1 

EE2 

A16 

Address  bit  16. 

1 

EF1 

A02 

Address  bit  02. 

1 

EF2 

col 

Control  1 . 

1 

EH1 

AO? 

Address  bit  01. 

1 

EH2 

A00 

Address  bit  00. 

1 

EJ1 

SSYNC 

Slave  sync. 

1 

EJ2 

COO 

Control  0.  (Not  Used) 

1 

EK1 

A14 

Address  bit  14. 

1 

EK2 

A13 

Address  bit  1 3. 

1 

EL1 

ATT 

Address  bit  1 1 . 

1 

EL2 

No  connection. 

EM1 

No  connection. 

EM2 

No  connection. 

EN1 

No  connection. 

EN2 

A08 

Address  bit  08. 

1 

EP1 

A10 

Address  bit  10. 

1 

EP2 

A07 

Address  bit  07. 

1 

ER1 

A09 

Address  bit  09. 

1 

ER2 

No  connection. 

ES1 

No  connection. 

ES2 

No  connection. 

ET1 

GROUND 

Signal  ground. 

N/A 

ET2 

No  connection. 

EU1 

A06 

Address  bit  06. 

1 

EU2 

A04 

Address  bit  04. 

1 

EV1 

A05 

Address  bit  05. 

1 

EV2 

A03 

Address  bit  03. 

1 

*One  standard  Unibus  load  is  defined  as: 
l,H=maximum  input  HIGH  current  at  V,n=2.4V  min.  =  60  mA. 
l,L=maximum  input  LOW  current  at  V(n=0.8V  max.  =  -2.0  mA. 
lOH=maximum  output  HIGH  current  at  Vou,=4.5V  min.  =  25  mA. 
lOL  =  maximum  output  LOW  current  at  VOU,=0.4V  max.  =  48  mA 


AND  BUS-65506 


TABLE  10.  BUS-65505  CONNECTOR  F 
PIN  FUNCTIONS 

PIN 

NO. 

NAME 

DESCRIPTION 

STANDARD 
BUSLOADS' 

FA1 

No  connection. 

FA2 

+  5 

+  5  Volts 

N/A 

FB1 

No  connection. 

FB2 

-12 

-12  Volts 

N/A 

FC1 

No  connection. 

FC2 

GROUND 

Signal  ground. 

N/A 

FD1 

BBUSY 

Bus  busy. 

2 

FD2 

No  connection. 

FE1 

No  connection. 

FE2 

No  connection. 

FF1 

No  connection. 

FF2 

No  connection. 

FH1 

No  connection. 

FH2 

No  connection. 

FJ1 

NPR 

Non  processor  request. 

1 

FJ2 

No  connection. 

FK1 

No  connection. 

FK2 

No  connection. 

FL1 

No  connection. 

FL2 

No  connection. 

FM1 

INTR 

Interrupt. 

1 

FN1 

No  connection 

FN2 

No  connection 

FP1 

No  connection. 

FP2 

No  connection. 

FR1 

No  connection. 

FR2 

No  connection. 

FS1 

No  connection. 

FS2 

No  connection. 

FT1 

GROUND 

Signal  ground. 

N/A 

FT2 

SACK 

Slave  acknowledge. 

2 

FU1 

No  connection 

FU2 

No  connection. 

FV1 

No  connection. 

FV2 

No  connection. 

'One  standard  Unibus  load  is  defined  as: 
l,H  =  maximum  input  HIGH  current  at  V,„=2.4V  min.  =  60  mA. 
liL  =  maximum  input  LOW  current  at  V,„=0.8V  max.  =  -2.0  mA. 
lOH  =  maximum  output  HIGH  current  at  Vou,=4.5V  min.  =  25  mA. 
lOL  =  maximum  output  LOW  current  at  VOU1=0.4V  max.  =  48  mA. 
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Dimensions  are  in  inches  (cm). 


COMMAND/STATUS 
REGISTER  ADDRESS 


33  C  —  33  C  -  33  C  -  33  C  - 

-jln  zbIhz  Ulln  Z6|hZ 

000A66A0A000 1 

OQ_pOOOOQ_pOQ_p  24 


BUS  REQUEST/BUS  GRANT 
PRIORITY  LEVELS 


r  i 


1 1 


i  t 


Notes: 

(1)  Command  Status  Register  address  bits  A14-A17  are  non-selectable  and  set  to  logic  "1".  Bits  A4-A13  are  user 
selectable. 

(2)  Interrupt  Vector  Address  bits.  DO.  D1.  and  D10  through  D15  are  non-selectable  and  set  internally  to  logic  "0".  02 
indicates  the  type  of  interrupt:  CSR1  or  CSR2.  (1  =  interrupt  received,  0  =  no  interrupt  active). 

(3)  The  UBIU  is  shipped  factory  strapped  for: 

1553  Channel  A  =  XFMR  Coupled 
1553  Channel  B  =  XFMR  Coupled 
Remote  Terminal  Address  =  01 

Command/Status  Register  Address  =  111  110  110  000  00 — 
Interrupt  Vector  =  0  000  000  1 00  1 00  -00 
Interrupt  Priority  Level  =  6 

(4)  Pin  Definitions 


J1  Connector 

Pin  No 

Connection 

J1  1 

BUS  A  POS 

J1  3 

J 1/5 

BUSANEG 

J 1/2 

FRAME  GROUND 

J1'4 

FRAME  GROUND 

J1/6 

FRAME  GROUND 

J2  Connector 

Pin  No. 

Connection 

J2  1 

BUS  B  POS 

J2/3 

J25 

BUS  B  NEG 

J2/2 

FRAME  GROUND 

J2/4 

FRAME  GROUND 

J26 

FRAME  GROUND 

FIGURE  12.  MECHANICAL  OUTLINE  AND  JUMPER  CONFIGURATIONS 


ORDERING  INFORMATION 

BUS-65505 

Power  Supply  Option: 

'  5  =  ±12VDC  supplies 

6  =  ±15VDC  supplies 
Mating  J1/J2  1553  connectors  supplied  with  card: 
2  each  -  BERG  65846-007  (connector  housing) 
12  each  -  BERG  47712  (associated  terminals) 


For  Driver  Software  contact: 


Digital  Equipment  Corporation 
1901  West  14th  Street 
Tempe,  Az.  85281  -6983 


Contact:  Ms.  Darla  Lasky 
602/894-4751 


F 
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MULTIBUS*  INTERFACE  UNIT 


DESCRIPTION 

The  BUS-65508  provides  full,  intelli- 
gent interfacing  between  the  dual  re- 
dundant MIL-STD-1553B  serial  data 
bus  and  the  Intel  Multibus  (IEEE-796). 
The  BUS-65508  Multibus  Interface  Unit 
(MBIU)  can  be  operated  as  a  1553  bus 
monitor  (MT),  bus  controller  (BC)  or  re- 
mote terminal  (RTU).  The  MBIU's  1553 
data  bus  mode  of  operation  is  under  the 
control  of  the  subsystem  processor's 
software.  The  BUS-65508  is  packaged 
on  one  multi-layer  printed  circuit  card 
conforming  to  Multibus  size  specifica- 
tions and  complies  fully  with  MIL-STD- 
1553B;  supporting  12  mode  codes,  all 
message  formats  and  complete  wrap- 
around Built-in-Test  capability. 
The  BUS-65508  is  easy  and  flexible  to 
use.  User  overhead  is  reduced  by  the 
onboard  4K  x  1 6  memory  and  six  types 


of  user  interrupts.  Unit  mode  and  oper- 
ation are  under  subsystem  control  with 
functional  and  electrical  compatibility 
with  Multibus  specifications. 
Double  buffering  the  MBIU's  onboard 
memory  prevents  partially  updated 
data  from  being  read  by  the  subsystem 
processor  or  transmitted  to  the  1553 
data  bus.  The  BUS-65508  will  store,  re- 
spond to  and  transmit  up  to  119  mes- 
sages, depending  on  the  mode  of  oper- 
ation selected. 

All  MIL-STD-1553B  functions:  address 
recognition,  Manchester  coding  valida- 
tion, bit  count  and  mode  code  response 
are  provided  transparent  to  and  with- 
out user  subsystem  intervention. 


FEATURES 

COMPLETE  DUAL  REDUNDANT 

INTELLIGENT  BC/RTU/MT  WITH 

MULTIBUS  INTERFACE 
SUPPORTS  ALL  MIL-STD-1553B 

MESSAGE  FORMATS  AND 

12  MODE  CODES 
4Kx  16  RAM  STORES: 

59  BC  MESSAGES  PLUS  ADDRESS 

STACK  AND  POINTER; 

1 19  RTU  MESSAGES  PLUS 

COMMAND  STACK  AND  POINTER; 

16  MT  DATA  AREAS  AND  POINTER 
6.75" x  12"  MULTIBUS  CARD 
SEVEN  COMMAND  REGISTERS 
INTERRUPT  LEVEL  SELECTABLE  TO 

ANY  OF  THE  EIGHT 

MULTIBUS  INTERRUPTS 
WRAPAROUND  BUILT-IN-TEST 

CAPABILITY 


^///////////////////^^^ 


)  CONTROL 


CRYSTAL 

SEQUENCE 

AND 

CLOCK 

CONTROL 

BC/MT 
PROTOCOL 


FIGURE  1  BUS-65508  BLOCK  DIAGRAM 


Multibus  is  a  Registered  Trademark  of  Intel  Corporation. 
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TABLE  1.  BUS-65508  SPECIFICATIONS 

Values  at  nominal  power  supply  voltages. 

PARAMETER 

UNITS 

VALUE 

LOGIC 

III  l 

'|H>  ML'  'OH'  'OL 

See  Pin  Function 

&  Loading  Table 

VOH 

V 

2.5  min 

Vol 

V 

0.4  max 

V,H 

V 

2.4  min 

V,L 

V 

0.8  max 

POWER  SUPPLIES 

+5V  Supply 

\/filtano  Tnlarsnm 
VUHdytJ  lUlfcJldMLt? 

% 

1 0 

Current  Drain 

A 

4.0  max 

+  15V  Supply* 

Voltage  Tolerance 

% 

5 

Current  Drain 

mA 

300  max 

-  15V  Supply- 

Voltage  Tolerance 

% 

5 

Current  Drain 

mA 

300  max 

TEMPERATURE  RANGE  (Case) 

Operating" 

°C 

Oto  +  70 

Storage 

°C 

-65  to +  150 

SIZE 

in 

6.75x12.0x0.6  max 

(cm) 

(17.2x30.5x0.157) 

'BUS-65508  uses  ±  1 5V  supplies  and  BUS-65509  uses  ±  1 2V  supplies. 
"Consult  factory  for  wider  operating  temperature  range. 


GENERAL 

The  BUS-65508  is  Multibus  compliant  as  a  bus  slave  device 
and  appears  to  the  subsystem  processor  as  programmed  I/O. 
Onboard  4K  x  1 6  memory  is  directly  addressable  by  the  subsys- 
tem processor,  memory  allocation  and  use  is  dependent  on  the 
mode  of  operation  selected.  Addresses  for  memory  and  the  I/O 
registers  are  programmable  through  groups  of  jumpers  on  the 
circuit  board.  The  1553  bus  interface  and  onboard  memory  man- 
agement are  transparent  to  the  subsystem  processor. 

Seven  registers  are  provided  to  the  subsystem  processor  to 
read  the  status  and  load  the  operating  parameters  of  the  MBIU. 
Interrupt  level  is  jumperable  to  any  of  the  eight  parallel  interrupt 
lines  supported  on  the  Multibus. 

The  dual  redundant  1553B  data  bus  connects  to  the  MBIU  by 
two  connectors  mounted  to  the  top  of  the  circuit  board.  The 
MBIU  mounts  to  the  Multibus  by  the  86  pin  P1  connector;  the 
60  pin  P2  connector  is  not  used. 


MEMORY  MAPPING 

All  data  transfers  between  the  MBIU  and  the  subsystem  proces- 
sor are  made  through  the  Multibus  data  bus.  This  is  ac- 
complished by  considering  the  MBIU's  onboard  4K  x  1 6  memory 
as  processor  memory.  Memory  starting  location  is  user  selecta- 
ble by  jumpering  the  7  MSBs  of  the  address  lines.  The  13  LSBs 
are  used  to  select  the  desired  4K  x  1 6  onboard  memory  location. 
Memory  access  is  only  valid  when  the  Multibus  signals  MRDC  or 
MWTC  are  asserted  by  the  subsystem  processor.  Memory  trans- 
fers to  the  1 553  bus  in  all  modes  of  operation  are  with  an  indirect 
addressing  scheme.  Data  is  written  into  the  odd  and  even  bytes 
of  the  onboard  RAM  as  per  Multibus  specifications. 


BUS  CONTROLLER  -  MEMORY  OPERATION 

While  in  the  bus  controller  (BC)  mode  of  operation,  the  MBIU's 
memory  is  allocated  into  three  main  areas: 

•  Data  Block  Address  Stack  (A  &  B) 

•  Stack  Pointers  (A  &  B) 

•  Data  Blocks 

Memory  allocation  in  the  BC  mode  is  listed  in  table  2. 


TABLE  2.  BC  MEMORY  ALLOCATION 

BYTE  ADDRESS 

CONTENTS 

0000  -  007F 

DATA  BLOCK  58 

0080  -  00FF 

DATA  BLOCK  59 

0100-017F 

DATA  BLOCK  ADDRESS  STACK  (A) 

0180- 01  FF 

DATA  BLOCK  ADDRESS  STACK  (B) 

0200-0201 

STACK  POINTER  (A) 

0202  -  0203 

STACK  POINTER  (B) 

0204  -  027 F 

NOT  USED 

0280  -  02FF 

DATA  BLOCK  1 

0300  -  037F 

DATA  BLOCK  2 

0380  -  03 FF 

DATA  BLOCK  3 

• 
• 
• 

1F80-IFFF 

DATA  BLOCK  57 

Data  Block  Address  Stacks  (A  &  B) 

These  are  FIRST-IN-FIRST-OUT,  64  word  stacks.  The  address 
of  each  data  block  ready  to  be  processed  is  contained  in  sequen- 
tial locations. 
Stack  Pointers  (A  &  B) 

These  memory  locations  contain  the  offset  of  the  next  data  block 
location  to  be  transferred  on  the  1 553  data  bus.  The  pointers 
are  initialized  to  stack  minus  2  and  incremented  by  the  BC  when 
a  data  block  is  to  be  transferred.  In  the  event  of  an  error  interrupt, 
the  pointer  will  indicate  the  data  block  stack  location  of  the  error. 
Data  Blocks 

Each  data  block  contains  one  1553  message.  A  maximum  of 
64  data  blocks  can  be  handled  by  the  bus  controller. 
The  subsystem  processor  loads  each  data  block  sequentially. 
Each  data  block  consists  of  a  control  word  followed  by  the  1 553 
command  and  data  word(s)  to  be  transferred.  The  last  data  word 
transferred  is  looped  back  to  the  next  addressable  location  for 
a  short  loop  error  test.  Received  status  and  data  are  added  to 
the  data  block  and  stored  in  the  same  format  they  appeared  on 
the  bus. 

Time  Out  -  Bus  Controller  Mode 

The  BC  will  reset  itself  and  prepare  to  receive  a  new  command 
if  the  transmitting  or  receiving  RT  fails  to  respond  with  a  status 
word  within  14/xs.  The  BC  will  then  issue  a  format  error  interrupt 
to  the  subsystem  processor.  This  is  done  to  prevent  locking  the 
bus  as  described  in  MIL-STD-1553B. 

Data  Formats 

The  different  data  formats  are  shown  in  figure  4.  Note  that  one 
block  represents  one  memory  location. 


VII-143 


□HQ 


IUC  DATA  DEVICE 
CORPORATION   


BUS-65508  AND  BUS-65509 


BC  Sequence  of  Operation 

Figure  2  illustrates  the  BC  sequence  of  operation  once  a  BC 
Start  Command  is  received. 
BC  Control  Word 

Figure  3  illustrates  the  Control  Word  which  determines  the  type 
of  operation  that  is  performed. 


c 


BUS  CONTROLLER  START 
COMMAND  RECEIVED 


) 


USE  POINTER  TO  RETRIEVE 
ADDRESS  OF  DATA  BLOCK 
FROM  STACK 


TRANSFER  DATA  BLOCK  . 
TO/FROM  1553  DATA  BUS 


DECREMENT  NUMBER  OF 
BLOCKS  TO  TRANSFER 


GENERATE  EOM  INTERRUPT 
IF  ENABLED 
SET  INT  STATUS  BITS 


GENERATE  ERROR  INTERRUPT 
IF  ENABLED 
SET  INT  STATUS  BITS 


^  STOP  ^ 


FIGURE  2.  BC  SEQUENCE  OF  OPERATION 


15 

m 


II 


| — NOTUSED— | 


BUS  CHANNEL  B/A  - 
SPARE ■ 
SPARE  - 
SPARE  - 


- RTTO  RT 

-  BROADCAST 

-  MODE CODE 
-SPARE 


TRANSMIT 
COMMAND 
LOOPED BACK 
BYMBIU 


MODE 
COMMAND 
LOOPED BACK 
BYMBIU 


MODE 
COMMAND 
LOOPED BACK 
BYMBIU 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BYMBIU 


DATA  WORD 
LOOPED  BACK 
BYMBIU 


STATUS 
WORD  1 
FROM 
XMTR 


DATA  WORD 
LAST 
LOOPED  BACK 
BYMBIU 


DATA  WORD 
WORD1 
RECEIVED 


RECEIVE  DATA    TRANSMIT  DATA 


DATA  WORD 
WORD  2 
RECEIVED 


LAST  DATA 

WORD 
RECEIVED 


STATUS 
WORD  2 
FROM 
RECEIVER 


REMOTE  TERMINAL 
TO  REMOTE  TERMINAL 
DATA  BLOCK 


FIGURE  4.  DATA  FORMATS 


REMOTE  TERMINAL  MODE  -  MEMORY  OPERATION 

In  the  remote  terminal  mode  (RT),  the  MBIU's  memory  is  divided 
into  4  main  areas: 

•  Data  Block  Look-Up  Tables  (A  &  B) 

•  Command  Word  Stacks  (A  &  B) 

•  Stack  Pointers  (A  &  B) 

•  1 1 9  Data  Blocks 

Memory  allocation  in  the  RT  mode  is  listed  in  table  3. 


FIGURE  3.  BC  CONTROL  WORD 


TABLE  3.  RT  MEMORY  ALLOCATION 

BYTE  ADDRESS 

CONTENTS 

0000  -  007F 

DATA  BLOCK  LOOK-UP  TABLE  (A) 

0080  -  00FF 

COMMAND  WORD  STACK  (A) 

0100-017F 

DATA  BLOCK  LOOK-UP  TABLE  (B) 

0180-01FF 

COMMAND  WORD  STACK  (B) 

0200  -  0201 

STACK  POINTER  (A) 

0202  -  0203 

STACK  POINTER  (B) 

0204  -  023F 

NOT  USED 

0240  -  027F 

DATA  BLOCK  1 

• 
• 
• 

1FC0-IFFF 

DATA  BLOCK  1 19 
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word  placed  in  the  command  stack.  They  should  be  initialized 
to  a  value  equal  to  the  first  stack  entry  minus  two  byte  locations. 

Command  Word  Stacks  (A  &  B) 

These  are  64  word  stacks  that  will  store  valid  received  1553 
command  words.  The  command  stack  may  be  examined  by  the 
subsystem  processor  (by  way  of  the  pointer)  to  determine  the 
1553  command  received. 
Data  Block  Look-up  Table  (A  &  B) 

The  look-up  table  is  a  64  word  area  that  contains  the  data  block 
addresses.  It  is  initialized  by  the  subsystem  processor  with 
the  addresses  of  the  data  blocks.  The  look-up  table  is  addressed 
by  the  hardware  using  the  T/R  bit  and  5  subaddress  bits  from  the 
command  word  received.  These  bits  are  illustrated  in  figure  5. 

15  9  8  7  1  0 

lololololololol  lol  I  I  I  I  I  lol 


1  SUBADR 

 T/R 

 CTLA  SELECT 

FIGURE  5.  DATA  BLOCK  LOOK-UP  TABLE  SELECT 


Data  Blocks 

The  data  words  within  each  data  block  are  placed  sequentially 
using  an  internal  MBIU  word  counter.  At  the  beginning  of  a  data 
block  access,  bit  15  of  the  look-up  table  word  is  set  to  indicate 
a  busy  condition.  This  bit  is  reset  after  the  data  block  transfer 
is  complete,  and  an  EOM  interrupt  is  generated  to  the  subsystem 
processor. 

Invalid  Command 

An  incomplete  data  transfer  will  result  in  the  RTU  generating  an 
error  interrupt.  The  busy  flag  previously  set  in  the  look-up  table 
will  not  be  reset  and  can  be  interpreted  as  an  invalid  or  incomplete 
data  transfer. 


BUS  MONITOR  -  MEMORY  OPERATION 

In  this  mode,  the  MBIU's  memory  is  divided  into  two  main  areas: 

•  Data  Area  Address  Pointers 

•  1 6  Data  Areas 

Memory  allocation  in  the  MT  mode  is  listed  in  table  4. 
Data  Area  Address  Pointers 

Pointers  are  updated  by  the  MBIU  and  contain  the  address  (13 
LSB)  of  the  last  data  location  processed  by  the  MBIU.  Bit  15  of 
the  Identification  Word  is  set  to  logic  '1'  to  indicate  a  word  has 
been  received. 


nyure  o  niusiraies  tne  H  l  sequence  of  operation  once  a  1553 
command  is  received. 


( 


1553  COMMAND  RECEIVED 


) 


INCREMENT 
STACK  POINTER  BY  2 


STORE  COMMAND  WORD 
IN  STACK 


USE  T/R  BIT  AND  SUBADDRESS 
TO  OBTAIN  ADDRESS 
Of  DATA  BLOCK 


TRANSFER  DATA 
TO/FROM  DATA  BLOCK 


ERROR 
DETECTED? 


GENERATE  ERROR  INTERRUPT 
IF  ENABLED 
SET  STATUS  BITS 


GENERATE  EOM  INTERRUPT 
IF  ENABLED. 
SET  STATUS  BITS 


^  STOP  ^ 


FIGURE  6.  RT  SEQUENCE  OF  OPERATION 


TABLE  4.  MT  MEMORY  ALLOCATION 

BYTE  ADDRESS 

CONTENTS 

0000-  0001 

DATA  AREA  ADDRESS  POINTER  (A) 

0002  -  0003 

DATA  AREA  ADDRESS  POINTER  (B) 

0004  -  0FFF 

NOT  USED 

1000-11FF 

DATA  AREA  1 

1100-11FF 

DATA  AREA  2 

• 
• 
• 

1F00-IFFF 

DATA  AREA  16 
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MT  Sequence  of  Operation 

Figure  7  illustrates  the  MT  sequence  of  operation  once  a  word 
is  received  on  the  1 553  bus. 


15 


c 


WORD  RECEIVED 

ON  1553  BUS 
GENERATE  SOM 


J 


GENERATE  SOM  INTERRUPT 
INCREMENT 
STACK  POINTER  BY  2 


ADDRESS    \.  ygs 
'  CROSS  128  WORD 
'  BOUNDARY? 


GENERATE  BUFFER  OVERFLOW 
INTERRUPT  IF  ENABLED 
SET  STATUS  BITS 


STORE 
IDENTIFICATION  WORD 


c 


FIGURE  7.  MT  SEQUENCE  OF  OPERATION 
Data  Areas 

Each  data  area  is  a  128  word  section  of  sequential  memory. 
Whenever  the  end  of  a  data  area  is  reached,  the  beginning  of 
the  next  area  is  selected.  A  buffer  overflow  interrupt  is  generated 
whenever  the  data  overflows  into  the  next  data  area.  Data  area 
1  is  considered  to  follow  data  area  16. 


Identification  Word 

An  identification  word  is  generated  by  the  MBIU  for  every  1553 
word  received  (figure  8).  Identification  words  are  stored  with 
their  associated  data  words  in  sequential  memory  locations. 

DOUBLE  BUFFERING 

Double  buffering  is  used  to  prevent  partially  updated  data  blocks 
from  being  read  by  the  subsystem  processor  or  transmitted  to 
the  1553  data  bus.  The  MBIU's  memory  is  divided  into  two 
control  areas,  A  and  B,  one  of  which  is  designated  the  "current" 
area  by  the  subsystem  processor.  The  current  area  is  used  by 
the  MBIU  for  receiving  and  transmitting  on  the  1553  data  bus, 
while  the  non-current  area  is  used  by  the  subsystem  processor 
to  write  into  or  read  from  the  MBIU  memory.  The  selection  of 
the  current  area  is  made  by  the  subsystem  processor  using  the 
MODE/STATUS  register  command.  The  actual  switching  of  the 
control  areas  is  done  by  the  MBIU  when  it  is  not  active  on  the 
1 553  data  bus. 


[—NOT  USED  -j 


-NOT  USED  - 
WORD  RECEIVED  - 
SPARE  - 


I—  ERROR 
WORD  GAP 


-CHANNEL  A 
-COMMAND  SYNC 


SPARE  

SPARE 

(SET  TO  "1 "  IF  

BIT  0  OR  1  ="1") 
Notes: 

(1)  Command  sync  is  set  to  indicate  the  associated  data  word  was 
received  with  command  sync. 

(2)  Channel  A  is  set  when  the  associated  data  word  was  received 
on  (1553)  bus  channel  A. 

(3)  Word  gap  is  set  to  indicate  a  gap  preceded  the  received  word. 

(4)  Error  is  set  when  the  received  word  contained  a  Manchester, 
parity  or  gap  error. 

(5)  Bits  4,  5,  and  6  represent  a  "don't  care"  condition. 

FIGURE  8.  IDENTIFICATION  WORD 

LOOP  TESTS 

The  MBIU  executes  loop  tests  to  ensure  its  operational  state. 
The  types  of  loop  tests  are: 

•  LONG  LOOP  TEST  -  The  MBIU,  in  the  bus  controller  mode 
only,  will  receive  the  last  word  it  transmitted  and  pass  this 
word  into  memory  where  it  can  be  processed  by  the  subsys- 
tem processor  for  accuracy  of  both  transmit  and  receive  func- 
tions. 

•  SHORT  LOOP  TEST  -  is  executed  whenever  the  MBIU  is 
operating  as  bus  controller  (BC)  or  remote  terminal  (RTU).  The 
last  word  transmitted  is  looped  back  to  the  decoder  and  com- 
pared. An  error  will  cause  an  error  interrupt  and  in  addition,  a 
remote  terminal  to  set  the  terminal  flag  bit  in  the  1553  status 
word. 

INTERRUPT  PROCESSING 

The  MBIU  will  generate  an  interrupt  to  the  subsystem  to  indicate 
a  completed  transfer  (EOM)  or  an  error  condition.  The  interrupt 
is  non-vectored  and  is  received  on  the  level  indicated  via  the 
S7  jumpers.  The  subsystem  must  issue  an  Interrupt  Status  com- 
mand (XXXC)  to  read  the  interrupt.  This  command  also  clears 
the  interrupt  register  and  the  interrupt  request. 
On  power-on  or  MBIU  reset  command,  the  interrupt  register  is 
not  cleared,  but  interrupt  requests  are  inhibited.  The  Interrupt 
Status  register  must  be  read  to  clear  the  register  and  enable 
future  interrupts. 

COMMAND/STATUS  REGISTERS 

Command/status  registers  are  used  to  set  and  read  the  basic 
operating  parameters  of  the  MBIU.  I/O  addresses  are  user  select- 
able by  jumpers  on  the  3  most  significant  hex  digits,  the  least 
significant  hex  digit  identifies  the  specific  register.  These  regis- 
ters appear  to  the  subsystem  processor  as  I/O  and  will  only 
respond  when  the  Multibus  signals  IORC  or  IOWC  are  asserted. 
The  data  word  associated  with  each  command/status  register 
defines  the  specific  function(s)  required.  The  registers  are  listed 
along  with  their  function  in  table  5.  Figures  9  through  1 4  illustrate 
and  further  define  the  registers. 
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TABLE  5.  COMMAND/STATUS  REGISTER 

ADDRESS111 

REGISTER 
NAME 

FUNCTION 

READ/WRITE 

XXXO 

NOT  USED 

XXX2 

NOT  USED 

XXX4 

MODE 

SET  MBIU  MODE 

iowc 

XXX4 

STATUS 

READ  MBIU  STATUS 

IORC 

XXX6 

START 

CONTROLLER  START 

IOWC 

XXX8 

RESET 

MBIU  RESET'21 

IOWC 

XXXA 

NOT  USED 

XXXC 

MASK 

INTERRUPT  MASK 

iowc 

XXXC 

INTSTAT 

READ  INTERRUPT  STATUS 

IORC 

XXXE 

CSR7 

CONTINUE/STOP 

IOWC 

Notes: 

(1)  XXX  indicates  user  programmable  hex  digit. 

(2)  No  data  word  is  associated  with  the  MBIU  RESET  command  register. 
Upon  receipt,  the  MBIU  will  reset  to  its  initialized  state  as  a  bus  con- 
troller. 

ADDRESS  XXX4  (WRITE) 

15  0 


I — NOT  USED— | 


f*  BC 
MODE  )  RJU 
(.MT 


0 

0 

1 

0 

0 

1 

Notes: 


NOT  USED- 


-SS  FLAG 

-SERVICE  REQUEST 
-BUSY 
-DB  ACCEPT 
-CURRENT  AREA 
SELECT  (B/A) 


(1 )  This  register  selects  the  MBIU  mode  and  sets  the  four  1 553  status 
bits  in  the  RT  mode.  The  four  LSBs  are  write  only  bits.  Bits  4,  5, 
6,  and  7  can  be  set  by  the  subsystem  to  define  the  operating 
parameters  and  can  be  read  by  requesting  a  MBIU  status. 

(2)  The  DB  ACCEPT  bit  is  reflected  in  the  1553  Status  Word  only 
after  receipt  of  a  Dynamic  Bus  Control  mode  code. 

FIGURE  9.  MBIU  MODE  DATA  WORD 


ADDRESS  XXX4  (READ) 

15  7 


|— NOT  USED -j 


MODE 


Notes: 


BC 

RTU 

MT 


0 

0 

1 

0 

0 

1 

0 


-A  PARITY  ERROR 

-  B  PARITY  ERROR 

-  NOT  USED 

-  B/A  SELECTED 

-  B/A  PENDING 

-  NOT  USED 


(1 )  This  register  returns  the  current  operating  status  to  the  subsystem 
processor.  Bits  0  and  1 ;  1  =  GOOD  STATUS,  0  =  ERROR. 

(2)  An  error  in  CHANNEL  A  or  CHANNEL  B  parity  will  not  suppress 
transmission  of  a  Status  Word  to  the  BC. 

FIGURE  10.  MBIU  STATUS  DATA  WORD 


ADDRESS  XXX6  (WRITE) 

|— NOT  USED— )^  


J 


NUMBER  OF  MESSAGES 

Note:  This  command  register  will  cause  the  BC  to  initiate  the  transfer  of 
messages  preloaded  into  memory  to  the  1 553  bus.  The  eight  LSBs  will 
contain  the  number  of  blocks  to  transfer  (1111111  =  256, 0000000  =  1 ). 

FIGURE  11.  CONTROLLER  START  DATA  WORD 


ADDRESS  XXX8 


No  data  word  is  associated  with  this  RESET  command.  Upon 
receipt,  the  MBIU  will  reset  to  its  initialized  state  as  a  bus  controller. 


ADDRESS  XXXC  (WRITE) 

15 


—  NOT  USED  — 


MUST  BE  SETTO-0"- 
1553  FORMAT  ERROR- 
STATUS  SET 
LOOP  TEST  FAIL - 


EOM 

-COMMAND  WORD 

RCVD/SENT  (SOM) 
-BUFFER  OVERFLOW 
-MUST  BE  SET  TO  "0" 


Note:  This  register  is  written  to  the  MBIU  to  enable  or  inhibit  the 
indicated  interrupts.  A  logic  "1"  will  enable  the  interrupt. 

FIGURE  12.  INTERRUPT  MASK  REGISTER 


ADDRESS  XXXC  (READ) 

I&MmWi  II 


I—  NOT  USED-!  I 

11 J 


NOT  USED  (SET  TO  "1") 
1553  FORMAT  ERROR 
STATUS  SET 
LOOP  TEST  FAIL 


LTD 


i — i 


EOM 

COMMAND  WORD 

RCVD/SENT  (SOM) 
BUFFER  OVERFLOW 
NOT  USED  (SET  TO  "1") 


(1 )  This  register  is  read  by  the  subsystem  processor  to  determine  which 
interrupt  is  pending.  A  logic  "1"  indicates  a  pending  interrupt.  This 
register  is  cleared  by  the  MBIU  after  it  is  read  by  the  processor. 

(2)  The  BC  will  stop  transmission  at  the  end  of  a  data  block  when 
an  error  interrupt  is  detected. 

(3)  Status  set  will  be  a  logic  "1"  when  the  BC  receives  a  status  word 
with  the  wrong  RT  address  or  if  any  of  the  8  bits  of  the  1553 
status  are  set. 

(4)  Format  error  will  be  set  if  a  1 553  word/message  format  error  is 
received  or  if  a  no-response  time  out  occurs. 

FIGURE  13.  INTERRUPT  STATUS  DATA  WORD 

ADDRESS  XXXE  (WRITE) 

15  0 


f-M  i- 1  I  H  I  I 1 1  EC 


-NOT  USED - 


_1  -CONTINUE 
0-STOP 

Note:  Data  transmission  will  cease  at  the  end  of  the  data  block  upon 
receipt  of  a  STOP  command.  The  CONTINUE  command  can  then 
be  used  to  resume  processing.  In  addition,  the  BC  will  stop  transmit- 
ting whenever  an  Error  Interrupt  is  received.  The  error  could  be: 
LOOP  TEST  FAIL,  TIMEOUT,  or  FORMAT.  After  an  error  condition 
is  detected,  the  subsystem  must  issue  a  MBIU  RESET  and  restart 
bus  transmission  via  a  START  command. 

FIGURE  14.  CONTINUE/STOP  DATA  WORD 
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TABLE  7.  BUS-65508  (CONNECTOR  P1)  PIN  FUNCTIONS 


PIN 

NO. 

NAME 

l|H 

(,,A) 

(ma) 

'oh 

M 

loL 

(ma) 

DESCRIPTION 

1 

GROUND 

Signal  ground. 

2 

GROUND 

Signal  ground. 

3 

+5 

+5  Volts 

4 

+5 

'5  Volts 

5 

+5 

♦5  Volts 

6 

+5 

-5  Volts 

7 

+15 

r  1  5  VOIIS 

8 

+  15 

- 1 5  Volts 

9 

RESERVED 

10 

RESERVED 

11 

GROUND 

Signal  ground. 

12 

GROUND 

Signal  ground. 

13 

BCLK 

No  connection. 

14 

iNIT 

50 

-2 

32 

Initialize  (master  reset). 

15 

BPRN 

No  connection. 

16 

Pro 

No  connection. 

1? 

BUSY 

No  connection. 

18 

BRicr 

No  connection. 

19 

MRDC 

125 

-2 

-2000 

32 

Memory  read  command.  (This  line  enables 
the  subsystem  to  read  the  MBIU  memory.) 

20 

MWTC 

125 

-2 

-2000 

32 

Memory  write  command.  (This  line  enables 
the  subsystem  to  wnte  to  the  MBIU  memory.) 

I/O  read  command.  (This  line  enables  the 
subsystem  to  read  the  MBIU  status  rtegisters.) 

I/O  write  command.  (This  tine  enables  the 
subsystem  to  write  to  the  MBIU  command 
registers) 

23 

XACK 

125 

-2 

-400 

32 

Transfer  acknowledge.  (A  LOW  will 
acknowledge  a  memory  or  I  0  transfer ) 

24 

inhT 

No  connection. 

25 

LOCK 

No  connection. 

26 

INH2 

No  connection. 

27 

BHEN 

125 

-0.8 

-2000 

16 

Byte  Hi  Enable.  (Enables  the  upper  byte 
of  word  transfer.) 

28 

AD10 

125 

-0.8 

-2000 

16 

Address  bit  16. 

29 

CBRQ 

No  connection. 

30 

AD11 

125 

-0.8 

-2000 

16 

Address  bit  17 

31 

COK 

No  connection. 

32 

AD12 

125 

-0.8 

-2000 

16 

Address  bit  18. 

33 

iNTA 

No  connection. 

34 

AD13 

125 

-0.8 

-2000 

16 

Address  bit  19. 

35 

INT6 

40 

-1.6 

16 

Interrupt  priority  6. 

36 

INT7 

40 

-1.6 

16 

Interrupt  priority  7. 

37 

INT4 

40 

-1.6 

16 

Interrupt  priority  4. 

38 

INT5 

40 

-1.6 

16 

Interrupt  priority  5. 

39 

INT2 

40 

-1.6 

16 

Interrupt  priority  2. 

40 

INT3 

40 

-1.6 

16 

Interrupt  priority  3. 

41 

Into 

40 

-1.6 

16 

Interrupt  priority  0  (Highest  priority.) 

42 

itsFPT 

40 

-1.6 

16 

Interrupt  priority  1. 

fABLE  7.  BUS-65508  (CONNECTOR  P1)  PIN  FUNCTIONS  (CONT'D) 

PIN 

NO. 

NAME 

(,,A) 

Iil 
(ma) 

'oh 
(Ma) 

"OL 

(ma) 

DESCRIPTION 

43 

ADRE 

125 

-0.8 

-2000 

16 

Address  bit  14. 

44 

AORF 

125 

-0.8 

-2000 

16 

Address  bit  15. 

45 

ADRC 

125 

-0.8 

-2000 

16 

Address  bit  1 2. 

46 

ADRD 

125 

-0.8 

-2000 

16 

Address  bit  13. 

47 

ADRA 

125 

-0.8 

-2000 

16 

Address  bit  10. 

48 

ADRB 

125 

-0.8 

-20O0 

16 

Address  bit  11. 

49 

ADR8 

125 

-0.8 

-2000 

16 

Address  bit  08. 

50 

ADR9 

125 

-0.8 

-2000 

16 

Address  bit  09. 

51 

ADR6 

125 

-0.8 

-2000 

16 

Address  bit  06. 

52 

ADR7 

125 

-0.8 

-2000 

16 

Address  bit  07. 

53 

ADR4 

125 

-0.8 

-2000 

16 

Address  bit  04. 

54 

ADR5 

125 

-0.8 

-2000 

16 

Address  bit  05. 

55 

ADR2 

125 

-0.8 

-2000 

16 

Address  bit  02. 

56 

ADR3 

125 

-0.8 

-2000 

16 

Address  bit  03. 

57 

ADRO 

125 

-0.8 

-2000 

16 

Address  bit  00. 

58 

ADR1 

125 

-0.8 

-2000 

16 

Address  bit  01. 

69 

DATE 

125 

-0.8 

-2000 

16 

Data  bit  14, 

60 

DATF 

Data  bit  15. 

61 

DATC 



-0.8  [  -  2000 1    16   |  Data  bit  1 2. 

62 

DATD 

125 

-0.8 

-2000 

16 

Data  bit  13. 

63 

DATA 

125 

-0.8 

-2000 

16 

Data  bit  10. 

64 

DATB 

125 

-0.8 

-2000 

16 

Data  bf.  11. 

65 

DATS 

125 

-0.8 

-2000 

16 

Data  bit  06 

66 

DAT9 

125 

-0.8 

-2000 

16 

Data  bit  09. 

67 

DAT6 

125 

-0.8 

-2000 

16 

Data  bit  06. 

68 

DAT7 

125 

-0.8 

-2000 

16 

Databit07. 

69 

DAT4 

125 

-0.8 

-2000 

16 

Data  bit  04. 

70 

DAT5 

125 

-0.8 

-2000 

16 

Data  bit  05. 

71 

DAT2 

125 

-0.8 

-2000 

16 

Data  bit  02. 

72 

DAT3 

125 

Data  bit  03. 

73 

DATO 

125  |  -0.8  |  -  2000 1   16   |  Data  bit  00. 

74 

DAT1 

125 

-0.8 

-2000 

16 

DatabitOL 

75 

GROUND 

Signal  ground. 

76 

GROUND 

Signal  ground. 

77 

RESERVED 

78 

RESERVED 

79 

-15 

-15  Volts 

80 

-15 

-15  Volts 

81 

+5 

+5  Volts 

82 

+5 

+5  Volts 

33 

+5 

+5  Volts 

86 

GROUND                                       |  Signal  ground. 

GROUND 

Signal  ground. 

Notes: 

{1)  lIH=maxitnum  input  HIGH  current  with  V,„=2.4V  min. 

(2)  l|L=maximum  input  LOW  current  with  Vin=0.8V  max. 

(3)  lOL  =  maximum  output  LOW  current  with  VOU(=0.4V  max. 

(4)  lOH  =  maximum  output  HIGH  current  with  Vou,=4.5V  min. 

(5)  Connector  P2  for  factory  use  only. 
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MULTIBUS  COMPLIANCE 

The  BUS-65508  is  Multibus  compliant  in  the  following  modes: 

•  Bus  slave  device 

•  D(16)  8/16  bit  data  path 

•  (M20)  20  bit  memory  address  path 

•  (116)  8/16  bit  I/O  address  path 

•  (VO)  8  levels,  nonvectored  interrupts 

MODE  COOES 

The  1 553  mode  codes  which  are  supported  by  the  MBIU  are 
listed  in  table  6. 

BUS-65508  TIMING 

Diagrams  for  RTU  and  BC  Interrupt  Timing  are  shown  in  figures 
15  and  16.  Multibus  timing  is  shown  in  figure  18. 


TABLE  6.  MODE  CODES 


T/R 

MODE 

FUNCTION 

DATA 

BROAD- 

BIT 

CODE 

WORD 

CAST 

1 

00000 

Dynamic  bus  control 

NO 

NO 

1 

00001 

Synchronize 

NO 

YES 

1 

00010 

Transmit  status  word 

NO 

NO 

1 

00100 

Transmitter  shutdown 

NO 

YES 

1 

00101 

Override  transmitter 
shutdown 

NO 

YES 

1 

01000 

Reset  remote  terminal 

NO 

YES 

1 

10000 

Transmit  vector  word 

From 
Memory 

NO 

0 

10001 

Synchronize 

To 

YES 

Memory 

1 

10010 

Transmit  last  command 

From 
MBIU 

NO 

1 

00110 

Inhibit  terminal  flag 

NO 

YES 

1 

00111 

Override  inhibit  terminal  flag 

NO 

YES 

1 

00011 

Initiate  self-test 

NO 

YES 

BUS-65508  PIN  FUNCTIONS  AND  LOADING 

Table  7  lists  the  pin  functions  along  with  a  description  and  loading 
characteristics. 


Notes: 

(1 )  Synchronize  without  a  data  word  is  interpreted  as  a  standard 
transmit  command. 

(2)  Initiate  self-test  causes  RT  to  do  a  normal  short  loop  test. 


FIGURE  15.  RTU  INTERRUPT  TIMING 
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FIGURE  16.  BC  INTERRUPT  TIMING 
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JUMPER  CONFIGURATION 

SI  &  S2:  1553  BUS  COUPLING  IS1  -  CHANNEL  A) 
S4:  REMOTE  TERMINAL  ADDRESS, 

JUMPER  INSTALLED  -  0. 
S6:  MEMORY  ADDRESS, 

JUMPER  INSTALLED  =  0. 
S7:  INTERRUPT  LEVEL 

FACTORY  STRAPPING 
THE  MBIU  IS  SHIPPED  STRAPPED  FOR: 
1553  CHANNEL  A  =  XFMR  COUPLED 
1553  CHANNEL  B  =  XFMR  COUPLED 
REMOTE  TERMINAL  ADDRESS  =  01 
REGISTER  ADDRESS  -  C000 
MEMORY  ADDRESS  =  00000 
INTERRUPT  LEVEL  -  5 

PIN  DEFINITION 
J1  CONNECTOR 

PIN  NO.  CONNECTION 

J1/1  1553  CHANNEL  A  DATA 

J1/2  NO  CONNECTION  (NCI 
J1.'3&4       1553  CHANNEL  A  CHASSIS  GROUND 

J1/5  1553  CHANNEL  A  DATA 

MM  NO  CONNECTION  (NCI 
J2  CONNECTOR 

J2/1  1553  CHANNEL  B  DATA 

J2/2  NO  CONNECTION  (NCI 
J2/3&4        1553  CHANNEL  B  CHASSIS  GROUND 

J2/5  1553  CHANNEL  B  DATA 

J2-6  NO  CONNECTION  (NCI 


P1 


FIGURE  17.  JUMPER  CONFIGURATIONS 


MEMORY  OR  I  O  WRITE  COMMAND  MEMORY  OR  I/O  READ  COMMAND 


NOTES 

Q       ADDRESS  AND  DATASETUP:  50  NANOSECONDS  MINIMUM 
0       TIME  REQUIRED  FOR  SLAVE  TO  ACCEPTDATA 

@        TIME  REQUIRED  FOR  MASTER  TO  REMOVE  COMMAND  FROM  BUS 
0       ADDRESS  AND  DATA  HOLD  TIME  50  NANOSECONDS  MINIMUM 
0       XACK  MUST  BE  OFF  THE  BUS  65  NANOSECONDS  AFTER  COMMAND 


NOTES 

0       ADDRESS  SETUP  TIME:  50  NANOSECONDS  MINIMUM. 

0  TIME  REOUIRED  FOR  SLAVE  TO  GET  DATA  ONTO  BUS  IN  ACCORDANCE 
WITH  SETUP  TIME  REQUIREMENT  XACK  CAN  BE  ASSERTED  AS  SOON 
AS  DATA  IS  ON  BUS. 

0       TIME  REQUIRED  FOR  MASTER  TO  REMOVE  COMMAND. 

0       ADDRESS  AND  DATA  HOLDTIME:  50  NANOSECONDS  MINIMUM 

0  XACK  AND  DATA  MUST  BE  REMOVED  FROM  THE  BUS  A  MAXIMUM  OF 
v"'       65  NANOSECONDS  AFTER  THE  COMMAND  IS  REMOVED. 


FIGURE  18.  MULTIBUS  TIMING  DIAGRAMS 
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FIGURE  19.  BUS-65508  MECHANICAL  OUTLINE 


ORDERING  INFORMATION 

BUS-65508 


Power  Supply  Option: 

'  8  =  ±15VDC  supplies 

9  =  ±12VDC  supplies 
Mating  J1/J2  1553  connectors  supplied  with  card: 
2  each  -  BERG  65846-007  (connector  housing) 
12  each  -  BERG  47712  (associated  terminals) 


F 
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DESCRIPTION 

The  BUS-6551 5  provides  full,  intelligent 
interfacing  between  the  serial  dual  re- 
dundant MIL-STD-1553B  Data  Bus  and 
the  IBM  PC  Bus.  Software  controls  the 
BUS-6551 5's  operation  as  either  a  1 553 
Bus  Controller  (BC),  Remote  Terminal 
Unit  (RTU),  or  Bus  Monitor  (MT). 

The  BUS-6551 5  is  packaged  on  one  full 
size  IBM  PC  printed  circuit  card.  Its  on- 
board 4K  x  1 6  dual  access  RAM  is  dou- 
ble buffered,  preventing  partially  up- 
dated data  from  being  read  by  the  CPU 


or  transmitted  to  the  1553  Data  Bus. 

Additional  features  include  a  dynamic 
wrap-around  Built-in-Test  (BIT),  on- 
board Time  Tag  Counter,  jumper  pro- 
grammable interrupt  level  and  BUS- 
65515  RTU  address  selection.  The 
BUS-6551 5  supports  all  dual  redundant 
mode  codes  and  message  formats.  Its 
full  compliance  with  MIL-STD-1553B 
makes  it  an  excellent  choice  for  dynamic 
simulation  applications. 


MIL-STD-1553  BC/RTU/MT 
IBM  PC®  INTERFACE  UNIT 


FEATURES 

•  IBM  PC  INTERFACE  WITH 

INTELLIGENT  BC/RTU/MT 

•  STANDARD  IBM  PC  CARD  SIZE 

•  SUPPORTS  ALL  1553B  DUAL 

REDUNDANT  MESSAGE 
FORMATS  AND  MODE  CODES 

•  DYNAMIC  WRAP-AROUND 

BUILT-IN  TEST 

•  ON-BOARD  TIME  TAG  COUNTER 

•  DEDICATED  4K  x  16  DUAL 

ACCESS  RAM 

•  DOUBLE  BUFFER  MEMORY 

ARCHITECTURE  TO  INSURE 
DATA  INTEGRITY 

•  MEMORY  MAPPED  INTERFACE 

•  SOFTWARE  PROGRAMMABLE 

RTU  ADDRESS  AND  DATA 
BLOCK  ALLOCATIONS 

•  JUMPER  PROGRAMMABLE 

INTERRUPT  LEVEL  SELECTION 
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TABLE  1.  BUS-65515  SPECIFICATIONS 

Specifications  at  nominal  power  supply  voltages  and  25  C. 

PARAMETER 

UNITS 

VALUE 

Logic 

VOH 

V 

2.4 

Vol 

V 

0.4 

l|H 

f*A 

40 

I 

0  8 

k: 

mA 

-2.6 

!< 

mA 

24 

°i 

mA 

-5.2 

'OL 

mA 

16 

'oZH 

u.A 

40 

loL 

MA 

-40 

V,H 

V 

2 

V,L 

V 

0.6 

Power  Supplies 

Voltage,  Current  Drain 

V,  Amps 

+  5.0  ±10%,  1.00  max 

Voltage,  Current  Drain 

V,  Amps 

+  12.0  ±10%,  0.05  max 

Voltage,  Current  Drain 

V,  Amps 

-12.0  ±10%,  0.32  max 

Temperature  Range 

Operating  (Case) 

°C 

0to+70 

Storage 

°C 

-65  to +150 

Physical  Characteristics 

Size  (Full  size  IBM  PC  card) 

in 
(cm) 

4.5x13.5x0.44 
(11.4x34.3x1.1) 

Notes: 

(1)  Value  for  pins  A2  through  A9. 

(2)  Value  tor  pinsB11  and  B12. 

GENERAL 

The  BUS-65515  provides  a  user  friendly  interface  between  the 
serial  MIL-STD-1553B  Bus  and  the  IBM  PC  Bus.  It  is  memory 
mapped  to  the  computer's  address  space  and  does  not  require 
an  I/O  driver.  The  operating  modes  of  the  BUS-65515  are  con- 
trolled through  the  use  of  four  on-board  registers.  1 553  message 
traffic  is  stored  and  retrieved  using  the  dedicated,  memory  map- 
ped, on-board  RAM. 

Internal  registers  control  and  operate  the  BUS-6551 5.  They  in- 
clude the  Configuration  Register,  Start/Reset  Register,  Interrupt 
Mask  Register,  and  RTU  Address  Register.  The  Configuration 
Register  defines  the  operating  mode.  The  Start/Reset  Register 
generates  the  start  and  reset  signals.  The  Interrupt  Mask  register 
enables  desired  interrupts,  with  the  interrupt  priority  level  being 
jumper  programmable  by  the  user.  The  RTU  Address  Register 
is  used  to  program  the  RTU  address. 

The  BUS-6551 5's  4K  x  16  high  speed  static  RAM  is  shared  by 
the  CPU  and  the  1553  Bus  with  memory  arbitration  han- 
dled automatically  by  the  BUS-65515. 

The  BUS-65515  will  withhold  the  IOCHRDY  (I/O  Channel 
Ready)  signal  from  the  CPU  while  a  word  is  being  transferred 
to  or  from  the  1 553  Bus.  Since  the  memory  arbitration  is  handled 
by  simply  stretching  the  handshake  cycle,  the  wait  state  is  trans- 
parent to  the  CPU's  software.  A  maximum  wait  of  2.25  u.s  may 
occur. 

The  RAM  implements  the  Stacks  and  Look-Up  Tables  required 
for  the  different  modes  of  operation,  as  well  as  for  storing  the 
1553  messages.  A  double  buffering  architecture  is  available  to 
prevent  partially  updated  information  from  being  transferred  to 


or  from  the  1553  Bus.  A  Descriptor  Stack  is  used  in  both  BC 
and  RTU  modes.  This  stack  records  the  status  of  each  message, 
the  time  the  message  was  transmitted  or  received,  and  contains 
either  the  received  1 553  command,  (in  RTU  mode),  or  the  actual 
address  of  the  data  block  containing  the  1 553  message  (in  BC 
mode).  In  the  RTU  mode,  a  Look-Up  Table  is  implemented  to 
store  the  address  of  the  data  blocks  to  be  used  when  receiving 
or  transmitting  messages  for  a  particular  subaddress. 

The  BUS-65515  may  also  be  used  as  a  passive  MT;  in  this 
mode  the  BUS-65515  records  all  messages  transferred  across 
1 553  Bus  A  or  Bus  B.  The  BUS-6551 5  generates  an  Identification 
Word  for  each  word,  indicating  its  sync  type  (command  or  data), 
the  1553  channel  it  was  received  on,  (A  or  B),  whether  it  con- 
tained an  error,  (parity,  incorrect  bit  count,  etc.)  and  whether  it 
was  preceded  by  a  gap  of  more  than  2.5  /us.  If  the  gap  was 
more  than  2.5  /js,  the  length  of  the  gap,  (in  0.5,us  units)  using  8 
bit  resolution  is  given. 

ADDRESSING  THE  BUS-65515  WITH  A  MICROPROCESSOR 

The  BUS-65515  contains  DDC's  BUS-66300  II  to  manage  its 
on-board  4K  x  1 6  RAM.  It  converts  all  CPU  supplied  byte  addres- 
ses to  word  addresses,  with  two  bytes  constituting  one  word. 
For  example,  the  BUS-65515  divides  all  addresses  supplied  by 
the  CPU  by  two  to  create  the  appropriate  word  address  (the 
memory  maps  shown  in  this  data  sheet  reflect  the  offset). 

All  pointers  used  by  the  BUS-65515  are  assumed  to  be  word 
addresses.  For  example,  to  begin  Descriptor  Stack  B  at  byte 
locations  1 001  -1 000,  the  user  initializes  Descriptor  Stack  Pointer 
B  to  word  location  0800  ( 1 000  divided  by  two) .  This  is  done  by : 

POKE  0202, 00     LOAD  UPPER  BYTE  OF 
STACK  POINTER  B 

POKE  0203, 08  LOAD  LOWER  BYTE  OF 
STACK  POINTER  B 
Subsequent  transfers  to  or  from  the  Stack  will  be  addressed 
relative  to  1000.  The  hardware  offsetting  of  the  CPU's  address 
bus  creates  the  situation  that  a  "POKE  1000,  01"  command 
actually  writes  the  value  01  into  location  0800  of  the  on-board 
shared  RAM. 

IMPLEMENTATION  OF  THE  DESCRIPTOR  STACK 

The  BUS-65515  uses  a  Descriptor  Stack  in  BC  and  RTU  modes 
which  may  reside  anywhere  in  the  non-fixed  area  of  RAM  (see 
figures  2  and  3).  The  Stack  Pointer  is  16  bits  and  resides  in  a 
fixed  area  of  RAM.  The  8  LSBs  of  the  Stack  Pointer  are  loaded 
into  an  internal  counter  which  the  BUS-65515  increments  by 
four  after  each  1553  message  has  been  processed.  The  results 
are  loaded  back  into  the  Stack  Pointer  location  in  RAM.  Any 
carry  generated  by  the  counter  is  ignored.  As  a  result,  the  stack 
occupies  256  contiguous  words  of  memory,  and  the  256th  word 
is  automatically  followed  by  the  first  word  in  the  Stack  (see  figure  4). 
The  8  MSBs  are  used  as  a  base  address. 
The  Descriptor  Stack  is  divided  into  four  word  descriptor  blocks. 
The  first  word  is  the  Block  Status  Word.  The  second  word  con- 
tains the  time  tag,  and  the  third  is  reserved  for  system  use.  The 
contents  of  the  fourth  word  depend  on  the  operating  mode  of 
the  BUS-65515.  In  BC  mode  it  contains  the  address  of  the  1553 
message.  In  RTU  mode  it  contains  the  received  1553  command 
word.  See  the  description  of  the  particular  operating  mode  for 
more  information. 
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FIGURE  2.  USE  OF  DESCRIPTOR  STACK  -  BC  MODE 
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BLOCKS 


CURRENT 
AREA  B/A 


Notes:  (1 )  User  may  opt  to  share  memory  block(s). 
(2)  See  figure  19. 


FIGURE  3.  USE  OF  DESCRIPTOR  STACK  -  RTU  MODE 
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BLOCK  STATUS  WORD.  The  Start-of-Message  (SOM)  bit  is 
set  by  the  BUS-65515  when  it  begins  processing  the  message 
associated  with  that  particular  Descriptor  Block.  The  End-of-Mes- 
sage  (EOM)  bit  is  set  and  the  SOM  reset  upon  completion  of 
the  message.  MESSAGE  STATUS  and  ERROR  bits  are  also 
set  at  that  time.  See  figure  5  and  table  2. 


TIME  TAG:  In  BC  and  RTU  modes  a  Time  Tag  is  loaded  into 
the  Descriptor  Stack  at  the  beginning  of  each  message  and 
updated  at  the  end.  Each  of  the  16  bits  represent  1  ps.  The 
Time  Tag  can  be  programmed  to  clear  upon  receipt  of  a  Reset 
Mode  Code  using  an  optional  on-board  illegalization  PROM. 
Contact  the  factory  for  more  information. 


ADDRESS 

RAM 

(XXX) 
01 FF 

Descriptor  Stack  A* 

0200, 0201 

Stack  Pointer  A 

0208, 0209 

Stack  Pointer  B 

0EO0 
I 

0FFF 

Descriptor  Stack  B' 

n 


Internal  Stack  Register  incremented 
by  four  after  each  message  is  pro- 
cessed. Results  are  placed  back  in  the 
8  LSBs  ot  Stack  Pointer. 


•The  address  space  listed  is  an  example. 


FIGURE  4.  IMPLEMENTATION  OF  DESCRIPTOR  STACK 


TABLE  2.  BLOCK  STATUS  WORD  BIT  DEFINITIONS 


NAME 


EOM 
SOM 
CHA/CHB 


ERROR 
FLAG 


STATUS 
SET 


FORMAT 
ERROR 


RESPONSE 
TIMEOUT 


LOOP  TEST 
FAIL 


DEFINITION 


End  Of  Message.  Set  at  the  completion  of  a  message 
transfer,  regardless  of  whether  or  not  any  errors  were 
detected. 

Start  Of  Message.  Set  at  the  beginning  of  a  message 
transfer  and  reset  upon  completion  of  the  message, 
regardless  of  whether  or  not  any  errors  were  detected. 
Channel  A/B.  Set  in  RTU  mode  to  indicate  whether  the 
message  was  received  on  1 553  bus  A  or  B.  Set  to  0  in 
BC  mode  regardless  of  which  bus  is  used  for  the 
message. 

Indicates  an  error  was  detected  during  the  processing  of 
the  particular  message.  The  particular  error  can  be 
determined  by  examining  bits  0  to  3. 
Set  in  BC  mode  to  indicate  that  the  received  RTU  status 
word  had  a  status  bit  set  or  that  the  wrong  RTU 
responded  to  the  command.  Also  set  in  RTU  mode 
when  the  BUS-6551 5  is  acting  as  the  receiving  RTU  in 
an  RTU-RTU  message  transfer  to  indicate  that  the 
wrong  RTU  responded  as  the  transmitting  RTU. 
Set  when  the  MESSAGE  ERROR  flag  is  set  in  the 
returning  RTU's  status  word  or  if  any  word  received  off 
the  bus  violated  1 553B  specifications  (incorrect  parity 
or  Manchester  sync  field,  incorrect  number  of  bits,  etc.). 
Set  in  BC  mode  if  the  addressed  RTU  did  not  respond 
within  1 4  fis  of  receiving  a  Transmit  command  or  the  last 
data  word  in  a  Receive  command.  Also  set  in  RTU  mode 
when  the  BUS-6551 5  is  acting  as  the  receiving  RTU  in  a 
RT-RT  message  transfer  to  indicate  that  the  trans- 
mitting RTU  did  not  respond  in  time. 
Set  to  indicate  that  the  BUS-6551 5  did  not  pass  its  con- 
tinuous on-line  self  test. 


CONTROL  AND  STATUS  REGISTERS 

The  BUS-6551 5  is  controlled  by  seven  on-board  registers.  These 
registers  are  also  memory  mapped  to  the  user's  CPU.  Table  3 
lists  the  offset  address  of  the  registers  and  they  are  further 
defined  in  the  following  tables  and  figures. 


15  14  13  12  11  10  9  8  7  0 
|  NOT  USED  1 
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LOOP  TEST  FAIL 
.  RESPONSE  TIME  OUT  (BC  ONLY) 

■  MESSAGE  OR  FORMAT  ERROR 

■  STATUS  WORD  ERROR  (BC  ONLY) 

•  ERROR  FLAG 

•  CHA/CHB  (RTU  ONLY) 
•SOM 

■  EOM 


FIGURE  5.  BLOCK  STATUS  WORD 


TABLE  3.  REGISTERS/DECODER  ADDRESS  DEFINITIONS 

OFFSET 

BYTE 

CLEARED 

ADDRESS 

BY  RESET 

IN  HEX 

DEFINITION 

R/W 

COMMAND 

2000 

Interrupt  Mask  Register 

R/W 

Yes 

2001 

Illegal 

2002 

Illegal 

2003 

Configuration  Register 

R/W 

Yes 

2004 

Illegal 

2005 

Illegal 

2006 

Start/Reset  Register 

W 

Yes 

2007 

Illegal 

2008 

RTU  Address  Register 

Ft/W 

No 

2009 

Illegal 

200A 

Time  Tag  Register  (byte  0) 

R 

Yes 

200B 

Time  Tag  Register  (byte  1 ) 

R 

Yes 

200C 

Interrupt  Reset  Command  Register 

W 

Yes 

200D 

Illegal 

200E 

External  EOM  Command  Register 

w 

No 

:200F 

Illegal 
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CONFIGURATION  REGISTER.  An  eight  bit  read/write  register. 
The  four  MSBs  define  the  mode  of  operation;  the  four  LSBs 
control  the  RTU  status  bits  in  the  1553  Status  Word. 

Activating  the  SUBSYSTEM  FLAG,  SERVICE  REQUEST,  BUSY, 
and  DB  ACCEPT  bits  to  logic  "0"  in  the  Configuration  Register 
causes  the  BUS-65515  to  set  these  bits  in  the  1553  Status  Word. 
If  BUSY  is  "0",  only  the  Status  Word  will  be  transmitted  from  the 
BUS-6551 5  in  response  to  a  Transmit  Command  from  the  BC, 
but  data  associated  with  a  Receive  Command  will  be  placed  in 
RAM.  Figure  6  shows  the  Configuration  Register  and  lists  the  bits 
definitions. 

7   6   5   4   3   2   1  0 

mi  in. in 


SUBSYSTEM  FLAG 
SERVICE  REQUEST 
BUSY 

DB  ACCEPT 
STOP  ON  ERROR 
CURRENT  AREA  B/A 
MT 

RTU/BC 


FIGURE  6.  CONFIGURATION  REGISTER 


CONFIGURATION  REGISTER 


NAME 

DEFINITION 

SUBSYSTEM  FLAG 
SERVICE  REQUEST 
BUSY 

DB  ACCEPT 
STOP  ON  ERROR 

CURRENT  AREA  B/A 

1553  Status  Word  bit. 

1553  Status  Word  bit. 

1553  Status  Word  bit. 

1553  Status  Word  bit. 

Causes  BC  to  stop  at  end  of  current  data 

block  if  an  error  is  detected. 

Used  for  Double  Buffering;  see  description. 

RTU/BC,  MT 

Operating  Mode 

Bit  7         Bit  6 

BC 
MT 
RTU 
ILLEGAL 

0  0 

0  1 

1  0 
1  1 

Note:  A  "0"  in  bits  0-3  activates  the  corresponding  bit  in  the  1553  Status  Word. 

START/RESET  REGISTER.  Two  bits  of  this  register  are  used 
as  shown  in  figure  8.  A  logic  "1"  enables  the  function. 
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CONTROLLER  START 
RESET   


FIGURE  8.  START/RESET  REGISTER 


BUS-65515 


INTERRUPT  MASK  REGISTER.  The  Interrupt  Mask  Register 
is  an  eight  bit  read/write  register  used  to  enable  interrupt  condi- 
tions. All  interrupts  are  enabled  with  a  logic  "1".  Figure  7  shows 
the  register  and  defines  the  interrupts. 

In  BC  and  RTU  modes  the  BUS-65515  generates  an  IRQ  (Inter- 
rupt Request)  for  an  EOM  or  Error  Set  condition.  An  IRQ  is 
generated  in  the  BC  mode  for  a  BC  EOM  indicating  that  all 
requested  transfers  by  the  BC  are  completed. 
The  user  may  set  the  priority  level  of  the  interrupt  to  one  of  six 
levels  (IRQ1-IRQ-7)  using  the  on-board  jumper  group  TB3. 
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FORMAT  ERROR/STATUS  SET  ' 
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EOM  


FIGURE  7.  INTERRUPT  MASK  REGISTER 


INTERRUPT  MASK  REGISTER 


INTERRUPT 

DEFINITION 

EOM 

FORMAT  ERROR/ 
STATUS  SET 

BC  EOM 

End  of  message.  Set  by  BUS-66300  II  (during 
BC  or  RTU  mode)  every  time  a  1 553  message  is 
transferred  (regardless  of  validity). 
Set  by  BUS-66300  II  for  these  conditions: 
Loop  Test  Failure:  Last  transmitted  word  did 
not  match  received  word. 
Message  Error:  Received  message  contained 
an  address  error,  one  of  eight  1 553  status  bits 
set,  or  1 553  specification  violated  (parity  error, 
Manchester  error,  etc.). 
Time-Out :  Expected  transmission  was  not 
received  during  allotted  time. 
Status  Set:  Received  status  word  contained 
status  bit(s)  set  or  address  error. 
Bus  Controller  End  of  Message.  Set  by  BUS- 
66300  II  (in  BC  mode)  when  all  messages  have 
been  transferred. 

START/RESET  REGISTER 


NAME 

DEFINITION 

RESET 

CONTROLLER 
START 

Places  BUS-6551 5  in  the  power-up  condition; 
Configuration,  Start/Reset  Register,  and  Interrupt 
Mask  registers  are  reset  to  "0".  Does  not  affect  RTU 
Address  Register  or  the  contents  of  RAM.  It  is  rec- 
ommended that  this  command  be  issued  prior  to 
changing  the  operating  mode  of  the  BUS-6551 5 
(RT-BC,  BC-MT,  etc.). 

Used  in  BC  mode  to  begin  transmission  of  the  desig- 
nated number  of  messages.  The  message  count 
must  have  been  previously  loaded  into  the  current 
area  message  count,  using  1  s  complement  notation. 
Also  used  in  MT  mode  to  begin  reception  of  1 553 
message  traffic. 
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RTU  ADDRESS  REGISTER.  An  internal  8  bit  register  used  to 
set  the  RTU  address  and  to  enable  the  BUS-65515  to  receive 
information  transferred  over  the  1553  bus  (see  figure  9). 


7  6  5  4  3  2   1  0 
I    I    I    I    I    I    I    I  I 

'   RTU  ADDR  0  (LSB) 

I   RTU  ADDR  1 

I  RTU  ADDR  2 

I  RTU  ADDR  3 

I  RTU  ADDR  4 

I  RTU  ADDR  PARITY 

I  RESERVED 

I  RCVR  ENBL 


FIGURE  9.  RTU  ADDRESS  REGISTER 


RTU  ADDRESS  REGISTER 


NAME 

DEFINITION 

RCVR  ENBL 

RTU  ADDR 
PARITY 

RTU  ADDR  0-4 

A  logic  "1 "  enables  the  1 553  receivers.  Only  effective 

if  jumpers  TB1  -7  are  installed. 

Odd  parity  bit  associated  with  five  RTU  address  bits. 

BUS-6551 5  will  not  respond  to  1 553  commands  if  the 

parity  is  incorrectly  set.  Set  to  a  logic  "1 "  if  RTU 

Address  is  0,3, 5,  or  6. 

RTU  address  bits. 

TIME  TAG  REGISTERS.  Two  registers  are  used  together  to 
form  a  time  tag.  The  contents  are  incremented  by  one  every 
microsecond.  The  Time  Tag  is  cleared  by  issuing  a  Reset  com- 
mand and/or  by  a  received  Reset  or  Synchronize  Mode  Code 
command.  This  is  accomplished  through  an  illegalization  PROM. 
Consult  the  factory  for  more  details. 


INTERRUPT  RESET  COMMAND  REGISTER.  Writing  any  value 
to  this  register  will  reset  the  IRQ. 


EXTERNAL  EOM  COMMAND  REGISTER.  This  register  is  used 
for  simulating  an  EOM  condition  for  factory  testing. 


BC  MODE 

The  BC  mode  is  selected  by  setting  the  two  MSBs  of  the  Con- 
figuration Register  to  logic  "0".  The  BUS-65515  defaults  to  BC 
mode  upon  power  up  and  after  receipt  of  a  Reset  signal  from 
the  CPU. 


BC  INITIALIZATION.  For  BC  operation,  the  user  initializes  the 
RAM,  Stack  Pointers,  Descriptor  Stack  Entries,  and  Message 
Blocks.  See  table  4  for  a  sample  memory  map  and  follow  the 
steps  in  figure  10  (A),  (B),  and  (C). 
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The  BUS-65515  uses  an  indirect  addressing  architecture  to  de- 
termine which  messages  to  send  over  the  1 553  bus.  The  Stack 
Pointer  indicates  which  entry  in  the  Descriptor  Stack  to  use, 
while  the  fourth  word  in  the  Descriptor  Block  indicates  the  location 
of  the  1553  message  (see  figure  2). 

Two  Stack  Pointers  and  two  Descriptor  Stacks  are  provided  to 
allow  the  user  to  double  buffer  the  RAM.  All  transfers  to/from 
the  1 553  bus  are  made  using  the  "current"  Descriptor  Stack  and 
Stack  Pointer,  as  defined  by  the  user  through  bit  5  of  the  Con- 
figuration Register. 

The  Descriptor  Stack  in  BC  mode  occupies  256  contiguous 
words.  It  may  be  located  anywhere  in  the  non-fixed  area  of  RAM 
as  long  as  it  begins  on  a  256  word  boundary  (i.  e.,  HEX  0000, 
0700,  1000,  XX00,  etc.).  Each  Descriptor  Block  is  four  words 
long;  the  fourth  word  of  each  block  is  loaded  by  the  user  with 
the  address  of  the  message  to  be  transferred  onto  the  1 553  bus. 

Each  data  block  should  be  formatted  as  shown  in  figure  1 1 .  The 
first  word  of  the  message  is  the  Control  Word  (see  figure  12). 
The  message  may  be  stored  anywhere  in  the  non-fixed  area  of 
RAM,  so  long  as  each  individual  block  does  not  cross  a  256 
word  boundary.  The  BUS-65515  uses  an  8  bit  counter  for  the 
lower  byte  of  the  internal  Address  Counter.  As  a  result,  the  data 
block  may  be  stored  anywhere  in  the  non-fixed  area  of  RAM, 
so  long  as  the  individual  data  block  does  not  cross  a  256  word 
boundary.  For  example,  a  data  block  should  not  begin  at  word 
location  04FE  if  the  user  plans  on  storing  more  than  two  words 
in  the  block.  The  first  word  will  be  stored  at  04FE,  the  second 
ad  04FF,  and  a  third  word  would  be  stored  at  0400  as  a  result 
of  the  lower  byte  Address  Counter  overflowing. 

The  number  of  messages  to  be  transferred  must  be  stored  in 
the  current  area  Message  Counter  location  of  the  RAM  in  1  's 
complement  (XXFE  =  1  message).  The  user  instructs  the  BUS- 
65515  to  begin  transferring  the  messages  by  setting  bit  1  of  the 
Start/Reset  Register  to  logic  "1 ".  The  BUS-6551 5  will  then  begin 
transferring  the  messages  in  the  order  in  which  their  starting 
addresses  were  placed  in  the  Descriptor  Stack  (see  figure  1 3). 

The  BUS-65515  can  be  instructed  to  end  1553  bus  transactions 
if  any  message  does  not  transfer  successfully.  This  is  done  by 
setting  the  STOP-ON-ERROR  bit  in  the  Configuration  Register. 
An  ERROR  interrupt  will  be  generated  at  that  time  if  enabled  by 
the  user. 

If  desired  a  BCEOM  interrupt  can  be  generated  to  notify  the 
CPU  that  the  BUS-65515  has  completed  the  transfer  of  the 
requested  number  of  messages.  The  CPU  can  also  request  that 
an  EOM  interrupt  be  generated  upon  completion  of  each  indi- 
vidual message. 

While  the  current  group  of  messages  is  being  processed,  the 
CPU  may  read  or  write  to  the  non-current  area  of  RAM  in  order 
to  set  up  the  next  group  of  messages,  or  to  examine  the  results 
of  the  previous  bus  transfers. 

Once  a  block  of  messages  has  been  completed,  the  user  may 
swap  the  current  and  non-current  areas  and  instruct  the  BUS- 
65515  to  execute  the  next  group  of  messages.  This  is  done  by 
toggling  bit  5  of  the  Configuration  Register  and  issuing  a  new 
BCSTART  command. 
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bit  in  the  Start/Reset  Register,  the  BUS-6551 5  takes  the  following 
actions: 

1 .  Uses  Stack  Pointer  to  get  the  address  of  the  current  Descriptor 
Stack  Entry. 

2.  Sets  SOM  flag  in  the  Block  Status  Word  to  indicate  a  transfer 
operation  in  progress. 

3.  Stores  the  Time  Tag. 

4.  Reads  the  Data  Block  Address  from  the  fourth  location  of  the 
Descriptor  Stack  and  transfers  the  Data  Block  Address  into 
an  internal  Address  Register. 

5.  Begins  transmission  of  the  message  onto  the  1553  bus. 


Note  that  data  words  are  transferred  to  and  from  memory  using 
the  internal  Address  Register. 


the  BUS-6551 5  takes  the  following  action: 

1 .  Reads  the  Stack  Pointer  to  get  the  address  of  the  current 
Descriptor  Stack  Entry. 

2.  Updates  the  Block  Status  Word  by  resetting  the  SOM  and 
setting  EOM  and  any  error  bits. 

3.  Updates  the  Time  Tag. 

4.  Increments  the  contents  of  the  Stack  Pointer  by  four  and 
increments  the  Message  Counter  by  one. 

5.  Additional  messages  are  transmitted. 

6.  Generates  a  BCEOM  interrupt  if  enabled  and  no  further  mes- 
sages are  to  be  transmitted. 

Note  that  if  an  error  is  received  and  STOP  ON  ERROR  is  set, 
the  BUS-6551 5  stops  issuing  commands  over  the  1 553  bus.  The 
Stack  Pointer  will  point  to  the  next  message  to  be  transmitted. 


(  STA»r  ) 
I 


LOAD  CONFIGURATION 
REGISTER  (BC  MODE). 


LOAD  STACK  POINTER. 


LOAD  STARTING  ADDRESS  OF 
FIRST  MESSAGE  INTO  STACK. 


LOAD  STARTING  ADDRESS  OF 
SECOND  MESSAGE  INTO  STACK. 


LOAD  FIRST  MESSAGE 
INTO  MEMORY. 


LOAD  SECOND  MESSAGE 
INTO  MEMORY. 


LOAD  MESSAGE  COUNTER  WITH 
1's  COMPLEMENT  OF  MESSAGE 
COUNT  =  FD  (HEX). 


LOAD  START/RESET  REGISTER 
WITH  THE  VALUE  02. 


FIGURE  10A. 
BC  SET-UP  EXAMPLE  FOR 
TWO  MESSAGE  TRANSFER 


GIVEN: 

All  values  are  In  HEX. 

1 .  Stack  area  A  is  used  and  is  located  from  address  0000  to  address  01 FF. 

2.  Message  number  1  is  located  at  address  0280. 

3.  Message  number  2  is  located  at  address  0300. 


POKE  2003,  OF 
POKE  0200, 00 
POKE  0201, 00 
POKE  0006. 40 
POKE  0007, 01 
POKE000E.80 
POKE000F.01 
POKE  0280, 80 
POKE  0281 , 00 
POKE  0282, 21 
POKE  0283, 0C 
POKE  0300, 00 
POKE  0301,00 
POKE  0302,23 
POKE  0303, 18 
POKE  0304, 11 
POKE  0305, 11 
POKE  0306, 22 
POKE  0307, 22 
POKE  0308, 33 
POKE  0309, 33 
POKE  0202,  FD 
POKE  2006, 02 


Initialize  Configuration  Register. 
Initialize  Stack  Pointer. 


Load  address  of  message  number  1  into  Stack. 
Load  address  of  message  number  2  into  Stack. 

Load  Control  Word. 

Load  Command  Word  0C21 . 

Load  Control  Word. 

Load  Command  Word  1 823. 

Load  Data  Word  number  1 . 

Load  Data  Word  number  2. 

Load  Data  Word  number  3. 


Load  Message  Counter. 
Start  Transfer. 


FIGURE  10B.  BC  SET-UP  WRITTEN  IN  BASIC 


0000  (CPU 
ADDRESS) 


01 

40 

01 

80 

00 

80 

oc 

21 

* 

* 

* 

* 

00 

00 

18 

23 

11 

11 

22 

22 

33 

33 

* 

* 

* 

* 

♦Left  empty  for  RTU's  response. 


FIGURE  10C. 
BC  SET-UP  MEMORY  MAP 
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ILC  DATA  DEVICI 
CORPORATION  . 


BUS-65515 


CONTROL 
WORD 


CONTROL 
WORD 


CONTROL 
WORD 


CONTROL 
WORD 


CONTROL 
WORD 


CONTROL 
WORD 


CONTROL 
WORD 


CONTROL 
WORD 


BROADCAST 
COMMAND 
(NO  DATA) 


RECEIVE 
COMMAND 


TRANSMIT 
COMMAND 


RECEIVE 
COMMAND 


MODE 
COMMAND 


MODE 
COMMAND 


MODE 
COMMAND 


BROADCAST 
COMMAND 


BROADCAST 
COMMAND 
LOOPED  BACK 
BY  BUS-66300 II 


DATA  WORD 
1 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BY  BUS-66300 


TRANSMIT 
COMMAND 


MODE 
COMMAND 
LOOPED  BACK 
BY  BUS-66300  II 


MODE 
COMMAND 
LOOPED  BACK 
BY  BUS-66300  II 


DATA 
WORD  1 


BROADCAST 
COMMAND 
(NO  DATA) 


DATA  WORD 
2 


STATUS 
RECEIVED 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BY  BUS-66300  II 


DATA  WORD 
LOOPED  BACK 
BYBUS66300II 


STATUS 
WORD 


STATUS 
WORD 


DATA 
WORD  2 


DATAWORD 
LAST 


DATAWORD 

1 


STATUS 
WORD  1 
FROM 
XMTR 


STATUS 
WORD 


DATAWORD 
RECEIVED 


MODE  CODE 
WITHOUT  DATA 


DATA 
WORD  LAST 


DATA  WORD 

LAST 
LOOPED  BACK 
BY  BUS-66300  II 


DATAWORD 
2 


DATAWORD 
WORD  1 
RECEIVED 


MODE  CODE 
WITH  DATA. 


MODE  CODE 
WITH  DATA. 


RECEIVE  DATA    TRANSMIT  DATA 
BLOCK  BLOCK 
FORMAT  FORMAT 


DATA  WORD 
LOOPED  BACK 
BY  BUS-66300  II 


STATUS 
RECEIVED 


DATAWORD 
LAST 


DATAWORD 
WORD  2 
RECEIVED 


BROADCAST 
COMMAND 
WITH  DATA 


RECEIVE 
DATA  BLOCK 


TRANSMIT 
DATA  BLOCK 


LAST  DATA 

WORD 
RECEIVED 


STATUS 
WORD  2 
FROM 
RECEIVER 


REMOTE  TERMINAL 
TO  REMOTE  TERMINAL 
DATA  BLOCK 

FIGURE  11.  BC  DATA  BLOCK  FORMATS 


7   6   5   4   3   2   1  0 


BC  CONTROL  WORD 


BUS  CHANNEL  A/B 
NOT  USED 
MASK  BROADCAST  BIT 
NOT  USED 
MODE  CODE 
BROADCAST 
RT-RT 


FIGURE  12.  BC  CONTROL  WORD 


NAME 

DEFINITION 

BUS  CHANNEL  A/B 

MASK  BROADCAST 
BIT 

MODE  CODE 

BROADCAST 
RT-RT 

When  logic  "1 "  transmits  over  1 553  bus  A. 
When  logic  "0"  transmits  over  1 553  bus  B. 
Informs  BUS-6551 5  to  expect  BROADCAST  bit 
to  be  set  in  responding  RTU's  Status  Word  and 
not  to  report  a  Status  Set  Error.  Status  Set  Error 
will  be  reported,  however,  if  this  bit  is  not  set  in 
received  Status  Word. 
Informs  BUS-6551 5  that  data  block  contains 
mode  code  command. 

Multiple  RTUs  addressed,  no  status  expected. 
Informs  BUS-6551 5  that  data  block  contains 
RT-RT  message  transfer. 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-65515 


c 


CONTROLLER  START 
COMMAND  ISSUED. 


J 


USE  STACK  POINTER  TO 
RETRIEVE  ADDRESS  OF 
DESCRIPTOR  STACK  ENTRY. 


SET  SOM  FLAG  IN  BLOCK 
STATUS  WORD  OF  DESCRIPTOR 
STACK  ENTRY.  LOAD  TIME  TAG. 


GET  ADDRESS  OF  DATA  BLOCK 
FROM  FOURTH  WORD  OF 
DESCRIPTOR  STACK  ENTRY. 


TRANSFER  DATA  BLOCK 
TO/FROM  1 553  DATA  BUS. 


DECREMENT  NUMBER  OF 
BLOCKS  TO  TRANSFER. 


SET  EOM  BIT,  RESET  SOM  BIT 
IN  BLOCK  STATUS  WORD, 
UPDATE  TIME  TAG. 


INCREMENT  STACK 
POINTER  BY  FOUR. 


SET  ERROR  FLAG(S)  IN 
BLOCK  STATUS  WORD. 
GENERATE  INTERRUPT  TO 
 CPU,  IF  ENABLED 


TABLE  4.  TYPICAL  RAM  ALLOCATION  IN  BC  MODE 

BYTE 
ADDRESS 

USE 

DESCRIPTION 

0001-0000 
01FF-01FE 

Descriptor  Stack  A 

256  Words 

0201-0200 
0202 

0205-0204 
0207-0206 
0209-0208 
020A 

020D-020C 
020F-020E 

Stack  Pointer  A 
Message  Counter  A- 
Reserved 
Reserved 
Stack  Pointer  B 
Message  Counter  B' 
Reserved 
Reserved 

Fixed  Ares 

I  of  RAM 

1 

0211-0210 
027F-027E 

^^^^ 

Not  used  in  this  example. 

0281-0280 

UoU  1  -u  JUU 

0381-0380 
0401-0400 
0481-0480 

1D81-1D80 

Data  Block  1 

nolo  DI/^r>Lr  O 

uaia  diock  c. 
Data  Block  3 
Data  Block  4 
Data  Block  5 

Data  Block  55 

64  Words  each  in  this 
example. 

1E01-1E00 
1FFF-1FFE 

Descriptor  Stack  B 

256  Words 

•Message  Counters  A  and  B  are  one  byte  each. 

DESCRIPTOR/ 
STACK  \ 


SET  BCEOM  STATUS  BIT. 
GENERATE  INTERRUPT 
IF  ENABLED 


FIGURE  14.  BC  SEQUENCE  OF  OPERATION 
(UNDER  BUS-65515  CONTROL) 


ADDRESS  OF  MSG#1 


ADDRESS  OF  MSG  #2 


DATA  BLOCK- 
CONTAINING 
MSG  #2 


DATA  BLOCK' 
CONTAINING 
MSG#1 


DESCRIPTOR 
BLOCK 


DESCRIPTOR 
BLOCK 


•DATA  BLOCKS  NEED  NOT  BE  CONTINUOUS  AND  MAY  BE  OF  WHATEVER 
LENGTH  IS  SUFFICIENT  TO  HOLD  THE  PARTICULAR  MESSAGE 

FIGURE  13.  ORDERING  MESSAGES  IN  BC  MODE 
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GOG 

IL.C  DATA  DEVICE 


RTU  MODE 

The  RTU  mode  is  selected  by  issuing  a  RESET  command  and 
setting  bits  7  and  6  of  the  Configuration  Register  to  logic'T'  and 
"0",  respectively.  The  RTU  Address  of  the  BUS-6551 5  is  defined 
by  loading  the  desired  value  into  the  RTU  Address  Register. 
Note  that  bit  5  of  the  RTU  Address  Register  must  be  programmed 
to  implement  odd  parity. 


RTU  INITIALIZATION.  For  RTU  operation,  the  user  initializes 
the  RAM,  Stack  Pointer,  Look-Up  Tables,  and  data  to  be  trans- 
mitted to  the  BC.  Table  5  lists  a  sample  memory  map  for  the 
RTU  mode.  The  user  follows  the  steps  shown  in  Figure  15,  RTU 
Initialization. 


BUS-6551 5 


RTU  SOM  SEQUENCE.  When  a  1553  command  is  received, 
the  BUS-6551 5  saves  the  command  received  in  an  internal  reg- 
ister. Figure  1 8  illustrates  the  RTU  Sequence  of  Operation  once 
a  1553  command  word  is  received.  Once  the  command  word  is 
received,  the  BUS-6551 5  performs  the  following  steps: 

1 .  Reads  the  Stack  Pointer  to  get  the  address  of  the  current 
Descriptor  Stack  Entry. 

2.  Stores  an  SOM  flag  in  the  Block  Status  Word  to  indicate  a 
transfer  operation  in  progress. 

3.  Stores  the  Time  Tag. 

4.  Stores  the  Command  Word  received. 

5.  Reads  a  Block  address  from  the  Look-Up  Table  using  the  T/R 
bit  and  the  subaddress  from  the  Command  Word;  transfers 
the  Block  address  into  an  internal  address  register. 


The  BUS-6551 5  uses  an  indirect  addressing  architecture  to  de- 
termine where  to  store  or  retrieve  the  data  required  to  service 
the  commands  received  from  the  BC.  The  Stack  Pointer  indicates 
which  block  in  the  Descriptor  Stack  to  use.  The  fourth  word  of 
the  Descriptor  Stack  is  used  to  store  the  received  command 
word. 

The  T/R  bit  and  the  subaddress  field  of  the  command  word  will 
then  be  used  to  generate  a  pointer  into  the  Look-Up  Table,  which 
contains  the  starting  address  of  the  data  block  to  be  used  for 
transmitting  or  receiving  information  for  the  particular  subaddress. 


RTU  EOM  SEQUENCE.  At  the  end  of  a  1553  message  (valid 
or  invalid),  the  BUS-6551 5  performs  the  following  steps: 


1 .  Updates  the  Block  Status  Word  by  resetting  the  SOM  and 
setting  the  EOM  and  any  error  bits. 

2.  Updates  the  Time  Tag. 

3.  Increments  the  Stack  Pointer  by  four. 

4.  Generates  an  Error  Interrupt  if  enabled. 


Two  Stack  Pointers,  two  Descriptor  Stacks,  and  two  Look-Up 
Tables  are  provided  to  allow  the  user  to  double  buffer  the  RAM. 
All  transfers  to  and  from  the  1 553  Bus  are  made  using  the  current 
Stack  and  Look-Up  Tables  as  defined  by  the  user  through  bit  5 
of  the  Configuration  Register. 


The  Stack  Pointer  should  be  initialized  by  the  CPU  with  the 
starting  address  of  the  Descriptor  Stack.  This  pointer  must  con- 
tain a  word  address  (i.e.,  if  the  Stack  is  to  begin  at  HEX  bytes 
0401-0400,  the  Stack  Pointer  should  be  initialized  to  0200). 

In  the  RTU  mode,  the  Descriptor  Stack  occupies  256  contiguous 
words.  It  may  be  located  anywhere  in  the  non-fixed  area  of  RAM, 
beginning  a  256  word  boundary  (i.e.,  HEX  0000,  0700,  1000, 
XX00,  etc.). 

The  Look-Up  Table  is  loaded  by  the  user  with  the  addresses  of 
the  data  blocks  to  be  used  for  receiving  or  transmitting  data  from 
the  particular  subaddress.  The  first  32  words  of  each  Look-Up 
Table  should  contain  the  word  address  of  the  data  blocks  to  be 
used  when  receiving  data.  The  next  32  words  should  contain 
the  address  to  be  used  when  transmitting  data  from  the  various 
subaddresses. 


The  Look-Up  Table  is  sequentially  ordered  so  that  the  first  loca- 
tion refers  to_T/R  =  0,  Subaddress  =  0000.  The  second  location 
refers  to  T/R  =  1  and  Subaddress  =  0001 .  The  last  location 
within  the  Look-Up  Table  refers  to  T/R  =  1  and  Subaddress  = 
1111  (see  figures  16  and  17). 


c 


LOAD  CONFIGURATION 
REGISTER  (RTU  MODE) 


LOAD  STACK  POINTER 

INITIALIZE  LOOK-UP  TABLE 
WITH  STARTING  WORD  ADDRESS 
OF  DATA  BLOCKS 

LOAD  TRANSMIT  DATA  BLOCKS" 
(IF  APPLICABLE) 

FIGURE  15.  RTU  INITIALIZATION 
(UNDER  USER  CONTROL) 
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ADDRESS 

USE 

DESCRIPTION 

0001-0000 
01FF-01FE 

Descriptor  Stack  A 

256  Words 

0201-0200 
0203-0202 
0205-0204 
0207-0206 
0209-0208 
020B-020A 
020D-020C 
020F-020E 

Stack  Pointer  A 

Reserved 

Reserved 

Reserved 

Stack  Pointer  B 

Reserved 

Reserved 

Reserved 

1 

Fixed  Are. 

lot  RAM 

0211-0210 
027F-027E 

^^^^^ 
1111111111 

Unused  in  this  example. 

0281-0280 
02FF-02FE 

Look-Up  Table  A 

Fixed  Area  of  RAM 

1 

BYTE 
ADDRESS 

USE 

DESCRIPTION 

0301-0300 
033F-03FE 
0341-0340 
037F-037E 

Data  Block  1 
Data  Block  2 

32  Words  in  this  example. 

0381-0380 
03FF-03FE 

Look-Up  Table  B 

f 

Fixed  Area  ol  RAM 

( 

0401-0400 

1EC1-1EC0 
1EEF-1EE0 

Data  Block  3 
Data  Block  97 

1F01-1FOO 
1FFF-1FFE 

Descriptor  Stack  B 

256  Words 

COMMAND  WORD  RECEIVED 


RTADR 

T/R 

SUBADDR 

WORD  COUNT 

LOOK-UP  POINTER  T/R         Subaddress  0 


Base  Address  (A  or  B) 

X 

xxxxx 

0 

LOOK-UP  TABLE 


0 

00000 

0 

Mode  Code  Subaddress  0 

Data  Block  Subaddress  1 

0 

11111 

• 

Mode  Code  Subaddress  31 

1 

00000 

0 

Mode  Code  Subaddress  0 

Data  Block  Subaddress  1 

1 

11111 

0 

Mode  Code  Subaddress  31 
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FIGURE  16.  LOOK-UP  TABLE  SET-UP 


ILC  DATA  DEVICE 


BUS-65515 


15  76543210 
0  |  0  |  0  |  0  |  0  |  0  |  0  |  1  |    |  1  |    |    |  ITT1 


SUBADR 
-T/R 

-  LOGIC  "1" 
-CURRENT  AREA 

SELECTED  B/A 
-LOGIC  "1" 
-LOGIC  "0" 


FIGURE  17.  LOOK-UP  TABLE  POINTER 
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1553  COMMAND 
RECEIVED 


J 


USE  POINTER  TO  RETRIEVE 
ADDRESS  OF  DESCRIPTOR 
STACK  ENTRY 


PLACE  COMMAND  IN  THE 
FOURTH  WORD  OF  DESCRIPTOR 
BLOCK  ENTRY.  SET  SOM  BIT  IN 
BLOCK  STATUS  WORD. 
LOAD  TIME  TAG. 


USE  T/R  BIT  AND  SUBADDRESS 
TO  GET  ADDRESS  OF 
DATA  BLOCK 


RESET  SOM,  SET  EOM  BIT  IN 
BLOCK  STATUS  WORD.  LOAD 
TIME  TAG  WITH  NEW  VALUE. 
GENERATE  EOM  INTERRUPT 
IF  ENABLED. 


INCREMENT  STACK  POINTER 
BY  FOUR 


C 


STOP 


J 


FIGURE  18.  RTU  SEQUENCE  OF  OPERATION 
(UNDER  BUS-65515  CONTROL) 


MT  MODE 

The  MT  mode  is  selected  by  setting  bit  7  of  the  Configuration 
Register  to  logic  "0"  and  bit  6  to  a  logic  "1". 


MT  INITIALIZATION.  For  MT  operation,  the  user  initializes  the 
RAM  as  shown  in  table  6  and  follows  the  steps  shown  in  figure  1 9, 
MT  Initialization. 

The  entire  RAM  is  used  as  the  MT  stack.  The  user  instructs  the 
BUS-6551 5  where  to  store  the  first  Identification  Word  by  loading 
the  starting  word  address  in  word  100  HEX  of  RAM. 

To  initiate  reception  of  the  1 553  bus  traffic,  the  user  issues  a 
CONTROLLER  START  command  by  setting  bit  1  of  the  Start/ 
Reset  Register  to  a  logic  "1".  This  causes  the  BUS-65515  to 
load  the  contents  of  either  Stack  Pointer  A  or  B  (as  selected  by 
the  Configuration  Register)  into  an  internal  address  register. 
Once  a  word  is  received  from  the  1553  bus,  the  BUS-65515 
stores  this  word  at  the  address  indicated  by  the  internal  address 
register.  The  contents  of  this  register  are  then  incremented  by 
one  to  point  to  the  next  word  in  RAM. 

The  BUS-65515  generates  an  Identification  Word  for  the  re- 
ceived word  and  stores  it  in  the  RAM  location  indicated  by  the 
internal  address  register.  The  Address  Register  is  again  in- 
cremented, in  preparation  for  storing  the  next  1553  word.  The 
RAM  automatically  wraps  around  from  FFFF  to  0000. 

The  Identification  Word  is  generated  by  the  BUS-6551 5  in  order 
to  provide  the  CPU  with  additional  information  regarding  the 
received  1553  word  (see  figure  20). 

It  is  recommended  that  the  user  reset  bit  7  of  the  Identification 
Word  each  time  it  reads  the  associated  data  word  into  CPU 
memory.  This  provides  a  simple  method  of  keeping  track  of 
which  words  have  already  been  processed  by  the  CPU.  For 
additional  information  on  the  use  of  MT  mode,  consult  the  factory. 


TABLE  6.  TYPICAL  RAM  ALLOCATION  IN  MT  MODE 

BYTE 
ADDRESS 

DESCRIPTION 

0001-0000 

First  Identification  Word. 

0003-0002 

First  Received  1553  Word. 

0005-0004 

Second  Identification  Word. 

0007-0006 

Second  Received  1 553  Word. 

1FFF-1FFE 

Word  stored  at  FFFF  followed  by  word  stored  at  0000. 

0201-0200 

Stack  Pointer*  A  (Fixed  area  of  RAM) 

0209-0208 

Stack  Pointer  B  (Fixed  area  of  RAM) 

'Stack  Pointers  are  read  by  the  BUS-65515  upon  executing  a  BCSTART 
command.  It  is  overwritten  by  data  in  the  course  of  acting  as  a  MT. 
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(DOG 

IL.C  DATA  DEVIC 
CORPORATION 


BUS-65515 


DEFINE  BEGINNING  ADDRESS 
OF  STACK 


5 


SELECT  MT  MODE 


ISSUE  BC  START  COMMAND 


FIGURE  19.  MT  INITIALIZATION  (UNDER  USER  CONTROL) 


15  876543210 
I.I     I     I     I    I    I     I  I] 


|  GAP  TIME  1 


LOGIC  "1"  

ERROR  (1  =  ERROR,  0  =  GOOD  STATUS)- 

COMMAND  SYNC—  

1553  CHANNEL  A/B  

CONTIGUOUS  DATA  

LOGIC  "0"  


Note:  Each  bit  of  the  GAP  TIME  field  represents  0.5  us. 


FIGURE  20.  MT  IDENTIFICATION  WORD 


c 


BC  START  COMMAND 
ISSUED 


GET  STACK  POINTER 
FROM  WORD  100  IN  RAM. 
STORE  IN  INTERNAL 
ADDRESS  REGISTER. 


STORE  1553  WORD  IN  RAM. 
INCREMENT  INTERNAL 
ADDRESS  REGISTER  BY  TWO. 


GENERATE  IDENTIFICATION 
WORD,  STORE  IN  RAM, 
INCREMENT  INTERNAL 
ADDRESS  REGISTER  BY  TWO. 


FIGURE  21.  MT  SEQUENCE  OF  OPERATION 
(UNDER  BUS-65515  CONTROL) 


MODE  CODES 

The  BUS-6551 5  supports  all  1 553B  mode  codes  for  dual  redun- 
dant systems.  Note  that  a  Reset  mode  code  command  does  not 
have  the  same  effect  as  issuing  a  RESET  command  (setting  bit  1 
of  the  Start/Reset  Register).  A  mode  code  Reset  command  will 
override  the  Inhibit  TF  Flag,  reset  the  Time  Tag  Register,  and 
override  the  Transmitter  Shutdown  condition  if  instructed  to  do 
so  through  the  user  programmable  PROM. 
A  mode  code  with  an  associated  data  word  and  a  T/R  bit  set  to 
"0"  is  handled  the  same  as  a  receive  operation.  In  the  RTU 
mode,  the  T/R  bit  and  the  subaddress  field  are  used  as  pointers 
into  the  Look-Up  Table.  Thus,  the  1st  and  31st  entries  of  the 
Look-Up  Table  should  contain  the  address  of  the  word  in  RAM 
to  be  used  for  receiving  data  associated  with  the  Synchronize 
with  Data  mode  code  command.  Note  that  these  entries  corres- 
pond to  a  T/R  bit  equal  to  "0"  and  a  subaddress  field  of  00000 
or  1 1 1 1 1 . 

The  mode  code  command  Transmit  Vector  word  is  handled  in 
a  similar  manner.  Look-Up  Table  entries  32  and  63  (T/R  bit  =  1 
and  a  subaddress  field  of  00000  or  11111)  should  point  to  the 
location  in  RAM  containing  the  user  defined  Vector  Word. 

The  BUS-6551 5  maintains  separate  registers  containing  the  last 
received  Command  Word  and  Status  Word,  along  with  the  BIT 
Word.  It  will  automatically  transmit  these  words  to  the  BC  when 
it  receives  a  mode  code  command  instructing  it  to  do  so. 


The  BUS-65515  responds  to  reserved  or  illegalized  mode  code 
commands  if  implemented  by  setting  the  Message  Error  bit  in 
its  1553  Status  Word.  If  the  command  had  been  issued  as  a 
non-broadcast  command,  the  Status  Word  will  be  transmitted 
to  the  BC.  For  a  complete  description  of  the  BUS-6551 5's  re- 
sponse to  various  mode  code  commands,  see  tables  7  and  8. 


TABLE  7.  MODE  CODE  FUNCTIONS 


T/R 
BIT 

MODE 
CODE 

FUNCTION 

DATA 
WORD 

BROAD- 
CAST 

1 

00000 

Dynamic  Bus  Control 

No 

No 

1 

00001 

Synchronize 

No 

Yes 

1 

00010 

Transmit  Status  Word 

No 

Yes 

1 

00011 

Initiate  Self  Test 

No 

Yes 

1 

00100 

Transmitter  Shutdown 

No 

Yes 

1 

00101 

Override  Transmitter 

Shutdown 

No 

Yes 

1 

00110 

Inhibit  Terminal  Flag 

No 

Yes 

1 

00111 

Override  Inhibit 

Terminal  Flag 

No 

Yes 

1 

01000 

Reset  Remote  Terminal 

No 

Yes 

1 

10000 

Transmit  Vector  Word 

From  Memory 

No 

0 

10001 

Synchronize  with  Data 

To  Memory 

Yes 

1 

10010 

Transmit  Last  Command 

From  Internal 
Register 

No 

1 

10011 

Transmit  Bit  Word 

From  Internal 

No 

Register 
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 TABLE  8.  MODE  CODES  

DYNAMIC  BUS  CONTROL  (00000) 

MESSAGE  SEQUENCE  =  DBC  *  STATUS   

The  BUS-6551 5  responds  with  status.  If  the  subsystem  wants  control  of  the  bus,  it  must  set  DBACC  within  2.5/j.s  after  NBGRT. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 

SYNCHRONIZE  WITHOUT  DATA  WORD  (00001) 
MESSAGE  SEQUENCE  =  SYNC  *  STATUS 

The  BUS-6551 5  responds  with  status.  If  sent  as  a  broadcast,  the  broadcast  receive  bit  will  be  set  and  status  response  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


TRANSMIT  STATUS  WORD  (00010) 

MESSAGE  SEQUENCE  =  TRANSMIT  STATUS  *  STATUS 

The  status  and  BIT  word  registers  are  not  altered  by  this  command  and  contain  the  resulting  status  from  the  previous  command. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 

INITIATE  SELF-TEST  (00011) 

MESSAGE  SEQUENCE  =  SELF-TEST  *  STATUS 

The  BUS-65515  responds  with  a  status  word.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status 
transmission  suppressed.  Short-loop  test  is  initiated  on  the  status  word  transmitted.  If  the  test  fails,  an  RT  fail  flag  is  generated. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error 

(BIT  Word). 

5.  Faulty  Test.  Bits  set:  terminal  flag  (SW),  A/B  Loop  Test  Fail,  Current  1553  Bus  (A  or  B)  Loop  Test  Fail  (BIT  Word). 


TRANSMITTER  SHUTDOWN  (00100) 

MESSAGE  SEQUENCE  =  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-65515  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65515  inhibits  any  further  transmission  from  the  dual  redundant  channel.  Once  shutdown,  the  transmitter 
can  only  be  reactivated  by  Override  Transmitter  Shutdown  or  RESET  RT  commands. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


*  =  Status  response  time 
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OVERRIDE  TRANSMITTER  SHUTDOWN  (00101) 

MESSAGE  SEQUENCE  =  OVERRIDE  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-65515  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65515  re-enables  the  transmitter  of  the  redundant  bus.  If  the  command  was  broadcast,  the  broadcast 
received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


INHIBIT  TERMINAL  FLAG  BIT  (00110) 
MESSAGE  SEQUENCE  =  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  BUS-65515  responds  with  status  and  inhibits  further  internal  or  external  setting  of  the  terminal  flag  bit  in  the  status  register. 
Once  the  terminal  flag  has  been  inhibited,  it  can  only  be  reactivated  by  an  Override  Inhibit  Terminal  Flag  or  Reset  RT  corrtmand. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word) . 


OVERRIDE  INHIBIT  TERMINAL  FLAG  BIT  (00111) 

MESSAGE  SEQUENCE  =  OVERRIDE  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  RTU  responds  with  status  and  reactivates  the  terminal  flag  bit  in  the  status  register.  If  the  command  was  broadcast,  the 
broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


RESET  REMOTE  TERMINAL  (01000) 

MESSAGE  SEQUENCE  =  RESET  REMOTE  TERMINAL  *  STATUS 

The  BUS-65515  responds  with  status  and  internally  resets.  Transmitter  shutdown,  mode  commands,  and  inhibit  terminal  flag 
commands  will  be  reset.lf  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  the  status  word  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),T/R  Error  (BIT  Word). 


RESERVED  MODE  CODES  (01001-01111) 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODES  *  STATUS 

The  BUS-65515  responds  with  status.  If  the  command  is  illegalized  through  an  optional  PROM,  the  message  error  bit  is  set  and 
only  the  status  word  is  transmitted. 

ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode 
Code  (BIT  Word). 


*  =  Status  response  time 
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TABLE  8.  MODE  CODES  (CONT'D) 


TRANSMIT  VECTOR  WORD  (10000) 

MESSAGE  SEQUENCE  =  TRANSMIT  VECTOR  WORD  *  STATUS  VECTOR  WORD 

The  BUS-65515  transmits  a  status  word  followed  by  a  vector  word.  The  contents  of  the  vector  word  (from  the  subsystem)  are 
enabled  onto  DB0-DB15  with  BUSREQ  after  the  command  transfer  (same  as  data  word  in  a  normal  transmit  command). 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error,  Low  Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  (BIT  Word). 


SYNCHRONIZE  WITH  DATA  WORD  (10001) 
MESSAGE  SEQUENCE  =  SYNCHRONIZE  DATA  WORD  *  STATUS 

The  data  word  received  following  the  command  word  is  transferred  to  the  subsystem.  The  status  register  is  then  enabled  and 
its  contents  transferred  onto  the  data  bus  and  transmitted.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and 
status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

4.  Command  T/Rbit  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received 
(SW),  High  Word  Count,  T/R  Error  (BIT  Word). 


TRANSMIT  LAST  COMMAND  (10010) 

MESSAGE  SEQUENCE  =  TRANSMIT  LAST  COMMAND  *  STATUS  LAST  COMMAND 

The  status  and  BIT  word  registers  are  not  altered  by  this  command.  The  SW  contains  the  status  from  the  previous  command. 
The  data  word  transmitted  contains  the  previous  valid  command  (providing  it  was  not  another  TRANSMIT  LAST  COMMAND). 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


TRANSMIT  BIT  WORD  (10011) 

MESSAGE  SEQUENCE  =  TRANSMIT  BIT  WORD  *  STATUS  BIT  WORD   

The  BUS-65515  responds  with  status  followed  by  the  BIT  word.  When  activated,  BITEN  allows  the  subsystem  to  latch  the  BIT 
word  on  the  parallel  data  bus.  The  BIT  word  is  not  altered  by  this  command;  however,  the  next  SW  will  reflect  errors  in  this 
transmission. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bit  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error,  Low 
Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 
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TABLE  8.  MODE  CODES  (CONT'D) 


SELECTED  TRANSMITTER  SHUTDOWN  (10100) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  is  transferred  to  the  subsystem  and  status  is  transmitted.  No  other  action  is  taken  by  the  BUS-65515. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed.  Intended  for  use  with  RTs 
with  more  than  one  dual  redundant  channel. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode 
Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/RbitSetto  One.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 


OVERRIDE  SELECTED  TRANSMITTER  SHUTDOWN  (10101) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  after  the  command  word  is  transferred  to  the  subsystem.  No  other  action  is  taken  by  the  BUS-65515. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/Rbit  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count,  T/R  Error  (BIT  Word). 


RESERVED  MODE  CODES 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODE  (T/R  =  1)  *  STATUS 
RESERVED  MODE  CODE  (T/R  =  0)  *  STATUS 

The  BUS-6551 5  responds  with  status.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission 
suppressed. 

ERROR  CONDITIONS  (T/R  =  1) 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

ERROR  CONDITIONS  (T/R  =  0) 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  not  Followed  by  Contiguous  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count. 
Illegal  Mode  Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 
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SELF  TEST 

The  BUS-65515  performs  an  automatic  self  test  each  time  a 
1553  message  is  processed.  The  last  word  transferred  onto  the 
1 553  bus  for  each  message  is  "looped  back"  through  the  trans- 
former and  the  BUS-65515's  receive  circuitry.  An  on-line  com- 
parison of  the  transmitted  word  and  the  received  looped  back 
word  is  then  performed.  If  a  discrepancy  is  detected,  the  Error 
bit  in  the  Block  Status  Word  is  set,  the  Terminal  Flag  bit  is  set 
in  the  1553  Status  Word,  and  an  error  interrupt  is  generated  to 
the  CPU,  if  enabled. 

In  the  BC  mode,  the  looped  back  word  is  placed  in  the  next 
sequential  location  of  the  message  block  in  the  on-board  RAM, 
where  it  is  available  for  the  CPU  to  inspect.  See  the  data  formats 
in  figure  1 1  for  specific  1 553  message  types. 
The  BUS-6551 5  maintains  a  separate  BIT  (Built-in-Test)  register 
which  contains  information  regarding  the  last  message  transfer 
(see  figure  22).  In  RTU  mode,  the  contents  of  this  register  are 
automatically  passed  to  the  BC  in  response  to  a  Transmit  BIT 
Word  mode  code  command. 
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CHAN  A  XMITTER  SHUTDOWN 

NON-MODE  BROADCAST — i  

COMMAND  TO  XMIT 
MESSAGE  ABORT  -  HIGH  WORD  COUNT 
MESSAGE  ABORT  -  LOW  WORD  COUNT- 
ILLEGAL  MODE  CODE  OR  ILLEGAL  BROADCAST 

WITH  MODE  CODE-  

MODE  CODE  OR  T/R  ERROR  

A/B  LOOP  TEST  FAIL  

HANDSHAKE  FAIL  

A/B  XMITTER  FAIL  


T 


□ 


FIGURE  22.  BUILT-IN-TEST  (BIT)  WORD 


BUS-65515  BC  AND  RTU  MODE  TIMING 

Table  9  defines  the  times  and  lists  the  units  for  the  following  1 1 
timing  diagrams. 


TABLE  9.  1553  I/O  TIMING  DEFINITIONS 

TIME 

DEFINITION 

MIN 

MAX 

UNITS 

Ts, 

Start  timing  (start  to  data  on  1 553) 

3 

4 

(iS 

T.i 

EOM/Error  Interrupt 

5 

7 

MS 

Tb, 

BC  EOM  Interrupt 

10 

12 

MS 

T"ebo 

EOM/Error  Timeout  Interrupt 

19 

21 

MS 

Tgp 

IntermessageGap 
(Mid  parity  to  mid  sync) 

16 

16 

(IS 

Intermessage  Gap  (Timeout) 
(Mid  parity  to  mid  sync) 

24 

26 

us 

Response  Time 
(Mid  parity  to  mid  sync) 

10 

12.5 

MS 

Tor„ 

RT/RT  Timeout  Interrupt 

19  5 

20.5 

MS 

START 


1553 
DATA  BUS 


RCV 


|     DATA  2     |  J 


(I) 


(2) 


Notes 
f  1  j  Error 
f2jNo  Error 


FIGURE  23.  BC  MODE  -  RECEIVE  COMMAND 
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1553 
DATA  BUS 


IRQ 


STATUS 


DATA  1  DATA  2 


Notes: 

(1)  Error 

(2)  No  Error 


(D  (2) 


FIGURE  24.  BC  MODE  -  TRANSMIT  COMMAND 


START 


1553 
DATA  BUS 


IRQ 


Notes: 

(1)  Error 

(2)  No  Error 


|    DATA  1     j    DATA  ; 


(D  (2) 


FIGURE  25.  BC  MODE  -  BROADCAST 
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RCV  XMIT 


IRQ 


Notes: 

(1)  Error 

(2)  No  Error 


STATUS  DATA  1 


STATUS 


(1)  12) 


FIGURE  26.  BC  MODE  -  RTU  TO  RTU  TRANSFER 
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1553 
DATA  BUS 


IRQ 


RCV       |     DATA  1     |    DATA  2 


Notes: 

(1)  Error 

(2)  No  Error 


0) 


FIGURE  27.  BC  MODE  -  TIMEOUT 
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DATA  BUS 


RCV       |    DATA  1  |— — j  STATUS 


XMIT  j— |    STATUS    |     DATA  1 


IRQ 


Notes: 

(1)  Error 

(2)  No  Error 


(D  (2) 


FIGURE  28.  BC  MODE  -  TWO  COMMANDS 
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FIGURE  29.  RTU  MODE  -  RECEIVE  COMMAND 
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FIGURE  30.  RTU  MODE  -  TRANSMIT  COMMAND 
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FIGURE  31.  RTU  MODE  -  BROADCAST  COMMAND 
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FIGURE  32.  RTU  MODE  -  RT/RT  RECEIVE 
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FIGURE  33.  RTU  MODE  -  RT/RT  TRANSIT 


1553 
DATA  BUS 


RCV 

XMIT 
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FIGURE  34.  RTU  MODE  -  RT/RT  TIMEOUT 


INSTALLATION 

The  BUS-65515  is  designed  to  work  with  an  IBM  PC,  PCXT, 
and  PCAT  (8  bit  slot)  computer.  Consult  factory  for  use  with  IBM 
PC  compatibles  and  clones. 


POWER  SUPPLY.  Verify  that  the  power  supply  in  the  user's  PC 
is  sufficient  to  drive  the  BUS-6551 5  in  conjunction  with  any  other 
peripheral  boards  being  used. 


1553  COUPLING.  The  BUS-65515  can  be  direct  coupled  or 
transformer  coupled  to  the  1553  bus.  The  user  selects  the  type 
of  coupling  desired  through  the  on-board  jumper  groups  TB1 
and  TB2.  The  BUS-65515  comes  equipped  with  two  Bulkhead 


connectors,  Trompeter  part  no.  BJ77  and  mating  connector 
Trompeter  Cable  Plug,  part  no.  PL-75N. 

INITIALIZATION.  The  user  must  select  a  used  area  of  memory 
based  on  the  particular  system  configuration.  An  on-board  seg- 
ment decoder  is  connected  to  bits  A16-A19.  A1-A13  define  the 
on-board  RAM  within  the  selected  segments;  bits  A14-A15  are 
not  used. 

INTERRUPT  PRIORITY  SELECTION.  The  BUS-65515  gener- 
ates a  standard  interrupt,  as  per  IBM  PC  Bus  standards,  to 
inform  the  user  of  a  variety  of  events.  The  user  may  set  this 
interrupt  to  occur  on  1  of  6  priority  levels,  (IRQ  2-7),  through  the 
on-board  jumper  group  TB3.  (Adding  a  jumper  selects  the  desig- 
nated interrupt  level.) 
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TB1       JUMPER  CONFIGURATION 


1553  CHANNEL  A.  Connection  selected  by  jumpers  at  TB1 . 
BUS-65515  shipped  with: 


(1)  Tansformer  coupling  selected. 

(2)  Frame  floating. 

(3)  Receiver  enabled  always. 


W-1  DC  COUPLED  + 

W-2  XFM  COUPLED  +* 

W-3  FRAME  TO  GROUND 

W-4  XFM  COUPLED  -* 

W-5  DC  COUPLED  - 

W-6  RCVR  ENABLED  ALWAYS* 

W-7  RCVR  ENABLED  BY  RTADDR  REG 


Notes:  (1 )  W-6  and  W-7  must  not  be  installed  at  the  same  time. 
(2)  W-6  overrides  software  control  of  receiver. 
"Installed  by  factory. 


TB3       JUMPER  CONFIGURATION 


INTERRUPT  LEVEL.  Selected  by  jumpers  at  TB3.  BUS-65515 
shipped  with  IRQ  7  selected. 


W-1  IRQ7* 

W-2  IRQ  6 

W-3  IRQ  5 

W-4  IRQ  4 

W-5  IRQ  3 

W-6  IRQ  2 


Note:  "Installed  by  factory. 


TB4        JUMPER  CONFIGURATION 

BUS-65515  ADDRESS.  The  BUS-65515  is  memory  mapped  to 
the  CPU.  The  user  may  select  the  upper  bits,  (A14-A19),  of  the 
starting  address  of  the  BUS-6551 5  through  the  on-board  jumper 
group  TB4.  (Adding  a  jumper  sets  the  selected  address  bit  to  a 
logic  "0".)  BUS-65515  shipped  with  address  C000  selected. 


W-1  ADDRA19 

W-2  ADDRA18 

W-3  ADDRA17" 

W-4  ADDRA16* 

W-5  ADDRA15" 

W-6  ADDRA14* 

W-7  NOT  USED 


TB2        JUMPER  CONFIGURATION 


1553  CHANNEL  B.  Connection  selected  by  jumpers  at  TB2. 
BUS-65515  shipped  with: 


(1)  Tansformer  coupling  selected. 

(2)  Frame  floating. 

(3)  Receiver  enabled  always. 


W-1  DC  COUPLED  + 

W-2  XFM  COUPLED  +* 

W-3  FRAME  TO  GROUND 

W-4  XFM  COUPLED  -* 

W-5  DC  COUPLED  - 

W-6  RCVR  ENABLED  ALWAYS* 

W-7  RCVR  ENABLED  BY  RTADDR  REG 


Notes:  (1 )  W-6  and  W-7  must  not  be  installed  at  the  same  time. 
(2)  W-6  overrides  software  control  of  receiver. 
'Installed  by  factory. 


Note:  A14  and  A15  can  permit  memory  mapping  segment 

selections  to  C000,  CC00,  C800,  and  C200. 
Note:  "Installed  by  factory. 


INSTALLATION  NOTES 

1 .  To  use  transformer  coupling  on  Channel  A,  install  jumpers 
across  TB1  pinsW2,W3,  andW4.  Remove  jumpers  W1  andW5. 

2.  To  use  transformer  coupling  on  Channel  B,  install  jumpers 
across  TB2  pins  W2,  W3,  and  W4.  Remove  jumpers  W1  and  W5. 

3.  To  use  direct  coupling  on  Channel  A,  install  jumpers  across 
TB1  pins  W1 ,  W3,  and  W5.  Remove  jumpers  W2  and  W4. 

4.  To  use  direct  coupling  on  Channel  B,  install  jumpers  across 
TB2  pins  W1 ,  W3,  and  W5.  Remove  jumpers  W2  and  W4. 

It  is  recommended  that  the  user  install  a  jumper  across  TB1 , 
pin  W6  and  TB2  pin  W6.  A  jumper  should  not  be  installed 
across  TB1  pin  W7  and  TB2  pin  W7. 

The  jumper  connecting  pin  W6  across  TB1  enables  the  receiv- 
ers on  the  1553  bus  and  insures  the  BUS-65515  is  capable 
of  receiving  data  from  the  bus. 

If  the  jumper  connecting  pins  6-9  W-7  on  TB1  is  installed, 
then  the  receivers  will  be  controlled  by  bit  7  of  the  RTU 
Address  Register.  (A  logic  "1"  enables  the  receivers  and  a 
logic  "0"  disables  them).  The  transmitters  are  enabled 
regardless  of  the  selection  of  bit  7  or  the  jumper  installation. 
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TABLE  10.  BUS-65515  PIN  FUNCTIONS 

PIN 

SIGNAL 
NAME 

DESCRIPTION 

A1 

ivy  wnvn 

A2 

D7 

Data  Rit7  (M^R) 

L~/dld  Dll  /  UVIOt-!/ 

A3 

D6 

nata  Rit  fi 
UdW  UK  u 

A4 

D5 

Data  Rit  ^ 

A5 

D4 

Data  Rit  4 

A6 

D3 

Rata  Rit  ^ 

A7 

D2 

Rata  Rit  9 

A8 

D1 

Data  Rit  1 

L/ala  Di  I  I 

A9 

DO 

Data  RitO 

L-*  did  Ul  I  V 

A10 

ID  THRDY 

I/O  RpaHw 
i'  \j  ncouy 

A1 1 

AEN 

AHHrocc  Pnahlo 

A12 

A1 9 

AHHrocc  Rit  1 Q  /MQRi 

A13 

A1 8 

AHHrocc  Rit  1  ft 
nUUlcaa  Dll  IO 

A1 4 

A1 7 

AHHrocc  Rit  1  7 

A1 5 

A1 6 

AHHrocc  Rit  1  fi 

A1 6 

A1 5 

AHHrocc  Rit  1  R 

A1 7 

A1  A 

AOaiBSS  Dll  1  *t 

A1 8 

A13 

iHHmcc  Rit  1  Q 

rtaaresfa  dii  i  o 

A19 

AHHrocc  Rit  1  9 

Muuresfa  dii  i  £ 

A20 

A1 1 

AHHrocc  Rit  1  1 

Muaress  on  i  i 

A21 

A10 

Address  Bit  10 

A22 

A9 

Address  Bit  9 

A23 

A8 

Address  Bit  8 

A24 

A7 

Address  Bit  7 

A25 

A6 

Address  Bit  6 

A26 

A5 

Address  Bit  5 

A27 

A4 

Address  Bit  4 

A28 

A3 

Address  Bit  3 

A29 

A2 

Address  Bit  2- 

A30 

A1 

Address  Bit  1 

A31 

AO 

Address  Bit  0 

TABLE  10.  BUS-65515  PIN  FUNCTIONS  (Cont.) 

PIN 

SIGNAL 

DESCRIPTION 

NAME 

B1 

GND 

Signal  Ground 

B2 

RESET 

Reset 

B3 

+5V 

1  nnif  Prim/or  Qnnnlu 

34 

IRQ2 

Intprri  int  Rpni  ip^t  9 

B5 

-5V 

Not  Used 

B6 

DRQ2 

Not  Used 

B7 

-12V 

System  Power  Supply 

B8 

Not  Used 

Not  Used 

B9 

+  12V 

^u<;tpin  Pnwpr  innlx/ 
oyoici  ii  r  uwci  oui^Ji^iiy 

B10 

GND 

Signal  Ground 

B11 

-MEMW 

Memory  Write 

B12 

-MEMR 

Memory  Read 

B13 

-IOW 

Not  Used 

B14 

-IOW 

Not  Used 

B15 

-DACK3 

Not  Used 

B16 

DRQ3 

Nnt  1  IcpH 

B17 

—  DACK1 

Mnt  1  IcpH 

B18 

DRQ1 

Nnt  1  IcpH 

INUl  UoCU 

B19 

-DACK0 

Not  Used 

B20 

CLK 

Nnt  1  IcpH 

B21 

IRQ7 

Interrupt  Request  7 

B22 

IRQ6 

Interrupt  Request  6 

B23 

IRQ5 

Interrupt  Request  5 

B24 

IRQ4 

Interrupt  Request  4 

B25 

IRQ3 

Interrupt  Request  3 

B26 

-DACK2 

Not  Used 

B27 

T/C 

Not  Used 

B28 

ALE 

Address  Latch  Enable 

B29 

+  5V 

Logic  Power  Supply 

B30 

osc 

Not  Used 

B31 

GND 

Signal  Ground 

13.125 
"  (33  4)  " 


Note:  Dimensions  are  in  inches  (centimeters) 


*~]  1553  DATA  BUS  A 
^  1553  DATA  BUS  B 


3.19 
(8.1)  ' 


0.69 
(1.76) 


FIGURE  35.  BUS-65515  MECHANICAL  OUTLINE 


4.2 
(10.7) 


ORDERING  INFORMATION  BUS-65515 
SOFTWARE 

•  Contact  factory  for  free  Software 

•  Contact  P.T.I. 

For  driver  and  application  Software  (PC-A/D-D):  Mr.  Andy  Werbach 


Phase  Two  Industries 
1333  Lawrence  Expressway 
Suite  41 8 
Santa  Clara,  CA  95051 
408-247-1355 
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DESCRIPTION 

DDC's  BUS-65517n  is  a  versatile,  full 
size  IBM  PC  printed  circuit  card 
designed  for  the  test  and  simulation  of 
MTL-STD-1553  systems.  It  provides 
full,  intelligent  interfacing  between  the 
serial  dual  redundant  MIL-STD-1553 
data  bus  and  the  IBM  PC.  The  user 
friendly  software  allows  the  BUS- 
6SS17II  to  simultaneously  simulate  a 
Bus  Controller  (BC),  multiple  Remote 
Terminal  Units  (RTUs),  and/or  a  selec- 
table, triggerable  Bus  Monitor  (MT). 
The  BUS-65517II  may  be  either  direct 
or  transformer  coupled  to  an  external 
1553  bus  for  use  with  user  provided 
1553  devices. 

The  BC  and  RTUs  evaluate  each  1553 
message  in  real-time,  determining  if  any 
format  errors  have  occurred.  Separate 
registers  are  maintained  for  the  last 
command  word  and  the  last  status  word 
of  each  emulated  RTU.  In  addition,  the 
user  may  inject  errors  into  any  1553 
message  issued  by  the  emulated  BC  or 
RTUs.  These  errors  include  word  count, 


bit  count,  zero  crossing,  parity,  and,  in 
the  case  of  emulated  RTUs,  response 
errors  (including  the  setting  of  any  bit 
within  the  particular  RTU's  status 
word). 

The  intelligent  MT  captures  the  1553 
bus  traffic.  The  user  can  define  when 
MT  operation  is  to  begin  and  which 
messages  (based  on  the  RTU  address, 
T/K  bit,  and  subaddress)  are  to  be,  cap- 
tured. Monitored  information  is  dis- 
played on  a  message  by  message  basis. 

Operation  requires  an  IBM  PC  or  com- 
patible (with  DOS  2.1  or  higher),  640K 
RAM,  BUS-65517II  card,  and  DDC 
provided  software.  Optional  software  is 
available  to  allow  the  BUS-651170 
RTUs  to  respond  within  the  timing  con- 
straints of  MTL-STD-1553A.  An  op- 
tional driver  allows  the  user  to  control 
the  operation  of  the  BUS-65517II 
through  Turbo  Pascal  or  Microsoft  "C". 
These  features  make  the  BUS-65517II 
an  excellent  choice  for  dynamic  simula- 
tion of  MTL-STD-1553B  systems. 


FEATURES 

•  SIMULATION  AND  TEST  OF 

MIL-STD-1553  SYSTEMS 

•  SIMULTANEOUS  EMULATION  OF 

BC,  UP  TO  31  RTUs,  AND  MT 

•  MT  MODE  RECONSTRUCTS  1553 

BUS  TRAFFIC 

•  ERROR  INJECTION/DETECTION 

CAPABILITIES 

•  USER  FRIENDLY  SOFTWARE 

•  OPTIONAL  RT  PRODUCTION  TEST 

PLAN  SOFTWARE 

•  OPTIONAL  1553A  RESPONSE  AND 

REAL-TIME  DRIVER  SOFTWARE 
AVAILABLE 


FIGURE  1.  BUS-65517II  BLOCK  DIAGRAM 
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TABLE  1.  BUS-65517II  REQUIREMENTS  AND  CAPABILITIES 
HARDWARE  REQUIREMENTS 

IBM  PC/XT/AT  or  Compatible  with  640K  RAM 
DDC's  BUSS5517II  MIL-STD-1553  Simulator  and  Tester  Card 
SOFTWARE  REQUIREMENTS 
PC  DOS  2.1  or  higher 

DDC's  BUS-65517II  Software  diskette  

AVAILABLE  OPERATIONS 

-  Tests  and  simulates  MIL-STD-1 553  BC  and  up  to  31  RTUs. 

-  Provides  independent  MT  mode  operation. 

-  Error  injection  and  detection  capabilities. 


TABLE  2.  BUS-65517II  HARDWARE  SPECIFICATIONS 

PARAMETER 

UNITS 

VALUE 

POWER  SUPPUES 

Idle 

Max* 

+5  V  Supply  Current  Drain 

A 

1.5 

1.6 

-5  V  Supply  Current  Drain 

mA 

10 

11 

+12V  Supply  Current  Drain 

mA 

200 

520 

-12  V  Supply  Current  Drain 

mA 

10 

11 

TEMPERATURE  RANGE 

Operating  (Case) 

°C 

0  to  50 

Storage 

°C 

-€5  to  150 

PHYSICAL  CHARACTERISTICS 

Size  (Full  size  IBM  PC  card;  requires 

in 

4.5x13 

5x0.44 

one  full  size,  8  or  16  bit  slot) 

(cm) 

(11.4x34.3x1.1) 

'(100%  Duty  Cycle) 


GENERAL 

The  BUS-655 1711  allows  an  IBM  PC  to  simultaneously  simulate 
a  MIL-STD-1553  BC,  multiple  (up  to  31 )  RTUs,  and  an  intel- 
ligent MT.  The  BUS-655 1711  may  be  either  direct  or  transformer 
coupled  to  a  dual  redundant  external  1553  bus,  for  operation  with 
user  provided  1553  devices.  The  BUS-65517II  is  memory 
mapped  (uses  a  half  segment  in  PC  RAM)  and  interrupt  selectable 
via  jumpers  on  the  board. 

Full  error  detection  features  are  provided  in  all  modes  of  opera- 
tion. In  addition,  user  specified  errors  -  including  bit  count, 
Manchester  II  errors  -  may  be  injected  in  both  BC  and  any  of  the 
emulated  RTU  modes. 

Operation  of  the  BUS-655 1711  is  controlled  by  user  friendly 
software.  The  software  flags  the  user  if  an  attempt  is  made  to  enter 
an  incorrect  value  and  displays  valid  responses  automatically. 
Figure  2  illustrates  the  BUS-65517U  Menu  Tree. 

The  three  BUS-655 1711  operating  modes  are. 

1.  SETUP 

2.  RUN 

3.  DISPLAY  COMMUNICATION  STACK 

Complete  operating  instructions  are  detailed  in  the  BUS-655 1711 
Manual. 

SETUP  MODE 

The  SETUP  menus  define  the  BUS-655 1711  as  a  BC,  one  or  more 
RTUs,  and  a  selectable  triggerable  MT.  No  real-time  activity  is 
performed  in  this  mode.  Through  menu  screens,  the  user  specifies 
what  errors  (if  any)  are  to  be  injected  into  the  messages  issued  by 
the  BC,  or  within  the  response(s)  (data  or  status  words)  of  the 
emulated  RTUs. 


BUS-65517M 


BUS  CONTROLLER  MODE.  The  BC  mode  is  programmed 
through  a  series  of  hierarchal  menus.  Up  to  250  different  mes- 
sages may  be  defined  at  one  time.  The  user  defines  these  mes- 
sages by  overriding  the  default  values  in  the 
SETUP/BC/MESSAGE  menu  (shown  in  figure  3). 

Error  conditions  may  be  injected  into  any  of  the  messages  by 
placing  the  cursor  over  the  error  field.  Once  an  error  has  been 
selected,  menus  prompt  for  additional  information  regarding  the 
error  (number  of  bits,  length  of  error,  position  of  error,  etc...). 

The  following  errors  may  be  injected: 

Length  Errors. 

Word  Count:  -32  to  +1  words  can  be  injected 
Bit  Count:  +2,  +1,  -2,  or  -1  bits  can  be  injected  in  any  word  of 
the  message 

Encoding  Errors. 

Glitch:  Forces  the  output  of  the  Manchester  Encoder  to 
equality  for  the  user  specified  time  period 
(in  50  ns  increments). 

Inverse:  Exchanges  the  output  of  the  Manchester 
Encoder  for  the  user  specified  time  period 
(in  50  ns  increments). 

Gap  Errors.  The  user  can  insert  a  gap  of  3  or  4us  (bus  dead 
time)  before  any  word  of  the  message. 

REMOTE  TERMINAL  MODE.  The  BUS-65517II  can  be 
programmed  to  emulate  up  to  31  unique  RTU  addresses.  The 
SETUP/RT  menu  is  shown  in  figure  4.  The  BUS-65517II 
dynamically  examines  each  message  and  determines  the  ap- 
propriate response  for  each  emulated  RTU  (clear  response,  sup- 
press status  word  and  set  message  error  bit,  etc...).  Additionally 
the  user  can  force  any  bit  of  a  paricular  RTU's  status  word  to  be 
set  to  logic  1 .  All  errors  available  in  the  BC  mode  can  be  injected 
along  with  the  following  response  errors: 

No  response  on  Bus  A,  Bus  B,  or  both  busses. 
Late  response  (12  to  30  us). 
Respond  on  the  alternate  bus. 


BUS  MONITOR  MODE.  The  BUS-65517II  contains  an  inde- 
pendent MT  which  reconstructs  monitored  bus  traffic  and  flags 
detected  errors  for  user  analysis.  Figure  5,  Communications 
Stack,  illustrates  how  this  information  is  displayed. 

The  BUS-655 1 711  MT  mode  performs  three  stages  of  MT  opera- 
tion. The  first  stage  monitors  all  messages  received  from  the 
bus.  The  second  stage  stores  the  selected  messages  in  an  on-  card 
circular  buffer.  The  third  stage  transfers  the  contents  of  the 
circular  buffer  to  the  Communication  Stack  located  in  the  PC'S 
system  RAM.  By  default,  the  BUS-65517n  software  will  use  all 
available  RAM  for  the  Communication  Stack;  if  desired,  stack 
size  may  be  limited. 

The  first  stage  listens  to  both  busses  until  a  command  is  detected. 
It  then  receives  exclusively  from  the  active  bus  until  the  message 
is  completed  or  invalidated.  The  second  and  third  stages  are 
programmed  by  the  two  MT  menu  options,  SELECTION  and 
CAPTURE. 
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LOAD/SAVE  SETUP 

BC 

RTU 

MT 

CONTINUE 
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FIGURE  2.  BUS-65517II  MENU  TREE 


ILC  DATA  OKVICE 


BUS-65517II 


/setup/bc/message 


error  types 


L  -  Length 
E  -  Encoding 
G  -  Gap 
N  -  No  error 


Communication  type:  Receive 


tadr 

t/r 

sadr 

went 

01 

R 

01 

01 

bus  A 

BC 

 > 

01  words 

ERT-01 — | 
sadr  01 


time  to  next 
message:  Default 

data  table 
number: 

bus 

error:  None 

95  fj-sec 

1 

A 

FIGURE  3.  SETUP/BC/MESSAGE  MENU 


SELECTION  Bydefault,theBUS-65517nmonitorsall  1553 
bus  traffic.  If  desired,  the  user  can  select  which 
messages  are  to  be  stored  in  the  Communica- 
tion Stack.  Messages  may  be  selected  on  the 
basis  of  RT  Address,  T/R  type,  and  subaddress. 


2.  Response  Time.  This  option  defines  the  maximum  time  (14, 
16, 18,  or  20  us)  allowed  for  an  RTU  response.  If  a  status  word 
is  not  received  within  the  allowed  time,  the  BC  and  MT  will 
detect  a  No  Response  error. 


CAPTURE  By  default,  the  BUS-65517II  begins  storing  the 
selected  bus  traffic  as  soon  as  the  user  issues 
the  RUN  command.  If  desired,  the  BUS- 
65517II  can  begin  monitoring  only  after  a 
specific  command  is  seen  on  the  bus,  after  any 
exception,  (invalid  word,  invalid  response, 
flagged  bit  in  status  word,  etc...)  is  detected, 
after  a  specific  exception,  or  upon  receipt  of  an 
external  trigger  via  the  BUS-655  nil's  D  type 
connector.  The  CAPTURE  condition  is  defined 
by  selecting  the  desired  condition  from  the 
CAPTURE  MENU. 

After  executing  a  RUN  command,  the  1553 
traffic  may  be  displayed  by  calling  an  the  DIS- 
PLAY COMMUNICATION  STACK  screen 
(refer  to  figure  5). 

SETUP  GLOBAL  DEFINITIONS 

Global  definitions  are  conditions  common  to  BC,  RTU,  and  MT. 
They  include: 

1. Transmit  Amplitude.  The  transmitter  amplitude  of  the  BC 
and  RTUs  can  be  varied  in  0.1V  (max)  steps  from  0.1V  to  at 
least  18Vpp  as  measured  across  a  77  Ohm  load  attached  to  the 
BUS-65517II  BNC  connector.  The  amplitude  is  specified  by 
entering  a  number  between  0  and  255. 


RUN  MODE 

The  RUN  mode  causes  the  BUS-655 1 711  to  begin  communication 
over  the  1553  bus.  The  real-time  display  displays  the  1553  bus 
traffic.  This  includes  both  internal  emulated  1553  devices  as  well 
as  traffic  to  and  from  external,  user  provided  1553  devices.  A 
sample  real-time  display  is  shown  in  figure  6. 


/setup/rt 


Active  as  RT 


Remote  Terminal  01 


Default  status: 

000  000  000  00 

Error  type: 

L  -  Length         T  -Tadr 
R  -  Response     G  -  Gap 
E  -  Encoding      N  -  None 

None 

Delay  after 
No         DBC acceptance:    40  /xsec 

Bus  control 
acceptance: 

FIGURE  4.  SETUP/RT  MENU 
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IIS1P9 
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2381 
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Bad  data 

Manchester  encoding 

4. 

TIME  = 
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BUS  A 
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Cmd 

0A62 

U1-H-19-U^ 

Data 

043F  AC4A 

Stat 

OCOO 

ME 

Exception 

Bit  in  status 
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|  I       00  words 

c 
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-RT-01- 
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00  words 
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bus  A 
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End  of  tables 


FIGURE  5.  COMMUNICATION  STACK 
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FIGURE  6.  REAL-TIME  DISPLAY 


TABLE  3.  BUS-65517II  INTERRUPT  JUMPER  SELECTION 

PIN  NUMBERS 

INTERRUPT 

2 

3 

4 

5 

7 

2 

LOW 

HI 

HI 

HI 

HI 

3 

HI 

LOW 

HI 

HI 

HI 

4 

HI 

HI 

LOW 

HI 

HI 

5 

HI 

HI 

HI 

LOW 

HI 

7 

HI 

HI 

HI 

HI 

LOW 
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TABLE  4.  BUS-65517II  ADDRESS  JUMPER  SELECTION 


PIN  NUMBERS 

ADDRESS 

19 

18 

17 

16 

15 

9000 

HI 

LOW 

LOW 

HI 

LOW 

A000 

HI 

LOW 

HI 

LOW 

LOW 

BOOO 

HI 

LOW 

HI 

HI 

LOW 

C000 

HI 

HI 

LOW 

LOW 

LOW 

D000 

HI 

HI 

LOW 

HI 

LOW 

DEVICE 


Note:  Dimensions  are  in  inches  (centimeters) 
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FIGURE  7.  BUS-65517U  MECHANICAL  OUTLINE 


BUS-65517II 


ORDERING  INFORMATION 


BUS-65517II 


MIL-STD-1553  Simulator  and  Tester  Card, 
includes  menu  software. 


BUS-690XXII 


L_ 


Software  Upgrades: 


08  -  MIL-STD-1553B  Real  Time 

Software  and  "C"  Driver 

09  -  MIL-STD-1553A&B  Real  Time 

Software  and  "C"  Driver 

18  -  MIL-STD-1553B  Real  Time 

Software  and  Pascal  Driver. 

19  -  MIL-STD-1553A&B  Real  Time 

Software  and  Pascal  Driver. 
23  -  MIL-STD-1553A&B  Real  Time 

Software,  Pascal  &  "C"  Drivers,  and 
RT  Production  Test  Plan  Software. 


Call  the  technical  support  number  listed  below  for 
additional  literature. 


A 
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ILC  DATA  DEVICE 


BUS-65519 


MIL-STD-1553  RT  PRODUCTION  TEST  PLAN 
PROTOCOL  TESTING  SOFTWARE  &  HARDWARE 


DESCRIPTION 

The  BUS-65519  is  a  turnkey  system 
used  to  automate  the  protocol  tests  of 
the  SAE  RT  Production  Test  Plan.  A 
number  of  military  contracts  are  impos- 
ing this  test  plan  on  MIL-STD-1553  sup- 
pliers. 

With  the  BUS-65519,  the  test  engineer 
characterizes  the  Unit  Under  Test  (UUT) 
via  the  user  friendly,  menu  driven 
software.  Once  this  is  done,  the  con- 
figuration can  be  saved  to  disk.  The 
BUS-65519  can  execute  the  ENTIRE 
production  test  plan  in  under  20  sec- 


onds. A  report  detailing  the  results  of  the 
test  is  automatically  generated. 

The  BUS-65519  reduces  the  time  re- 
quired to  generate  customize  test 
software  from  an  estimated  3  months,  to 
less  than  10  minutes. 

The  product  consists  of  an  IBM  PC  MIL- 
STD-1553  interface  card,  an  optional 
parallel  IAD  card  to  generate  static  inputs 
to  the  UUT  (see  ordering  information), 
and  the  menu  driven  software. 


FEATURES 


•  IMPLEMENTS  COMPLETE  SAE  RT 

PRODUCTION  TEST  PLAN 
PROTOCOL  TESTS  (PTP) 
INCLUDING  NOTICE  II  TESTS 

•  COMPLIES  WITH  LATEST  PTP 

SAE  RELEASE  AS41 12 

•  COMPLETES  TEST  IN  LESS  THAN 

20  SECONDS 

•  DISK  STORAGE  OF  PTP-SUBSET 

AND  RT  CONFIGURATIONS 

•  USER  FRIENDL  Y  MENU  DRIVEN 

DISPLAYS  WITH  HELP  SCREENS 

•  RUNS  ON  IBM  PC/XT/AT  OR 

COMPATIBLE 

•  INCLUDES  BUS-65517II  "C"AND 

PASCAL  LIBRARIES 

•  OPTIONAL  DISCRETE  I/O  BOARD 

(CONTROL  RT  ADDRESS  AND 
STATUS  BITS) 


IBM  PC 
XT/AT 


I/O  BOARD,  DISCRETE  I/O  LINE 


I_I 

1_I 

BUS-65519,  CHANNEL  A 


BUS-65519,  CHANNEL  B 


UNIT 
UNDER  TEST 
MIL-STD  1553 
RT 


KEYBOARD 
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FIGURE  1.  BUS-65519  OPERATING  ENVIRONMENT 


ILC  DATA  DEVICE 


BUS-65519 


TABLE  1.  BUS-65519  REQUIREMENTS  AND  CAPABILITIES 
HARDWARE  REQUIREMENTS 

IBM  PC/XT/AT  or  Compatible  with  256  RAM 
DDC's  BUS-65519  BOARD  &  SOFTWARE 
DATA  TRANSLATION  DT281 7  DISCRETE  I/O  BOARD  (OPTIONAL) 


SOFTWARE  REQUIREMENTS 

PC  DOS  3.0  or  higher 


GENERAL 

This  data  sheet  contains  the  operating  instructions  for  the  BUS- 
65519  MIL-STD-1 553  Protocol  Software  to  perform  the  tests  listed 
in  Table  3,  SAE  RT  Production  Test  Plan  Section  5.2.  The  user 
can  use  the  optional  discrete  I/O  board  to  select  discrete  I/O 
signals  on  the  unit  under  test. 

The  BUS-65519  is  packaged  with  BUS-65517ll's  1553A,  1553B, 
Pascal,  and  "C"  Run-time  libraries  (refer  to  software  manuals  for 
details). 

The  following  paragraphs  describe  the  BUS-6551 9's  operation. 


MAIN  MENU 

When  the  BUS-65519  program  is  loaded,  the  MAIN  MENU,  as 
shown  in  FIGURE  2,  will  be  displayed.  All  configurations  editing, 
test  execution,  and  result  options  are  accessed  here.  (See  FIG- 
URE 3  to  see  the  MAIN  MENU  structure) 

SPECIAL  FUNCTION  KEYS 

Special  function  keys  are  used  to  access  the  help  screens,  abort 
operation,  and  to  exit.(See  TABLE  2  for  information) 


TABLE  2.  SPECIAL  FUNCTION  KEYS 

FUNCTION  KEY 

DESCRIPTION 

ESC 

EXIT  SCREEN  :  LEAVE  SCREEN  AFTER  CHAN- 
GES MADE 

F1 

HELP  MENU  :  DISPLAY  VAILD  VALUES  FOR 
OPTION 

F2 

ABORT  W/OUT  UPDATE  :  LEAVE  W/O  MAKING 
CHANGES 

F9 

TOGGLE  SOUND  :  TURN  SOUND  ON  OR  OFF 

RETURN 

TERMINATE  FIELD  ENTRY  :  GO  TO  NEXT  OP- 
TION IN  THE  MENU 

>Setup 
Run 

View  results 


AUTOMATED  PRODUCTION  TEST  PLAN 


FIGURE  2.  MAIN  MENU 


MAIN  MENU 


SETUP 


RUN 


RESULTS 


GENERAL 

LEGALITY 

DATA 
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XMIT 

CMD 

CMD 

BROADCAST 


TESTS 

REPORTS 

FILE 

MODECODE 


PRINTER 


DISK 

SAVE 

LOAD 

FIGURE  3.  MAIN  MENU  STRUCTURE 
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The  General  Setup  Menu  Screen  permits  the  user  to  select  the  RT  operating  Characteristics  and  Notice  2  optional  Characteristics. (See 
FIGURE  4) 


RT  OPERATING  CHARACTERISTICS 

NAME 

VALID  VALUE 

DESCRIPTION 

FIT  ADDRESS 

00-30 

NUMBER  OF  BUSES 

01-99 

VARIABLE  RT 

ADDRESSES 

YES  OR  NO 

DBC  ACCEPTANCE 

YES  OR  NO 

MODE  COMMAND 
SELF  TEST  TIME 
UNTIL  COMPLETION 

002-999 

Time  in  ms  which  guaran- 
tees that  SELF  TEST  was 
completed. 

MODE  COMMAND 
RESET  RT  TIME 
UNTIL  COMPLETION 

02-99  OR  F 

Time  in  ms  which  guaran- 
tees that  RESET  RT  was 
completed. 

DCCDAIlICE  cad 

NEXT  COMMAND 

cs 

BUSY 
NR 

fit  rin  OTATI  IO 

CLEAR  STATUS 

CS  WITH  BUSY  BIT  SET 

NO  RESPONSE 

DELAY  AFTER 
POWER  ON 

001-999  OR  F 

Time  in  ms  or  F  ■  Forever 
until  KEYPRESSED 

NOMINAL  TX  (2.1  Vpp) 
AMP. 

000-255 

Calibrate  the  transmitter 
amplitude  by  attaching  a 
scope  to  the  RT. 

RT  Characteristics- 


NOTICE  II  OPTIONAL  CHARACTERISTICS 

NAME 

VALID  VALUE 

DESCRIPTION 

MODE  COMMAND 
SELF  TEST  TIME 
BEFORE  COMPLE- 
TION 

001-998 

Time  in  ms  must  be  less 
than  TIME  UNTIL  COM- 
PLETION. 

RESPONSE 

CS 
BUSY 
NR 

Next  message  sent  after 
TIME  BEFORE  COMPLE- 
TION the  RT  shall  respond 
withCS,  BUSY,  or  NR. 

MODE  COMMAND 
RESET  RT  TIME 
BEFORE  COMPLE- 
TION 

01-98 

Time  in  ms  must  be  less 
than  TIME  UNTIL  COM- 
PLETION. 

RESPONSE 

CS 
BUSY 
NR 

Next  message  sent  after 
TIME  BEFORE  COMPLE- 
TION  the  RT  shall  respond 
with  CS,  BUSY,  or  NR. 

PlATS  U/QAD 

UA 1 A  WHAp 
AROUND  SUB  AD- 
DRESS 

01-30 

WORD  COUNT 

(XK31 

HALT  ON  ERROR 

YES  OR  NO 

Y-HALT  on  Failure  N=Hall 
at  the  end  of  all  tests. 

REPEAT  TEST  PLAN 

0001-9999  OR  F 

Number  of  times  to  run 
complete  test. 

SINGLE  STEP 

YES  OR  NO 

Y=HALT  after  each  test 
N=HALT  at  the  end  of  all 
test. 

■Notice  2  Characteristics- 


RT  Address   01 

Number  of  Buses  02 

Variable  RT  Address  Yes 

DBC  Acceptance  No 

Mode  Command  "Self  Test"  : 
Time  Until  Completion  100  milsec 

Mode  Command  "Reset  RT"  : 

Time  Until  Completion  05  milsec 

Response  for  Next  Cmd  CS 

Delay  after  Power  On  Reset  100  milsec 

 Transmit  Characteristics  

Nominal  TX  (2.1Vpp)  Amp.  -100 


Mode  Command  "Self  Test"  : 
Time  Before  Completion- •     090  milsec 
Response  BUSY 

Mode  Command  "Reset  RT"  : 
Time  Before  Completion-    ■04  milsec 
Response  BUSY 

Data  Wrap-Around  : 

Subaddress  01 

Word  Count  00 

 Run  Parameters  

Halt  on  Error  No 

Repeat  Test  Plan  0001  times 

Single  Step  No 


VIM  84 


FIGURE  4.GENERAL  SETUP  MENU  SCREEN 
(Default  values) 


IL.C  DATA  DK  VIC* 


BUS-65519 


LEGALITY  MENU  SCREEN 

The  user  has  a  choice  of  4  different  types  of  commands  to  choose  from:  Receive  command,  Transmit  Command,  Broadcast  and  Mode 
Codes.  For  the  first  three  choices,  see  FIGURE  5,  the  user  may  define  the  WORD  COUNT  and  SUBADDRESS  for  those  particular 
commands.  For  MODE  CODE  Commands,  see  FIGURE  6,  the  user  may  define  the  subaddresses  for  both  TRANSMIT  and  RECEIVE 
Commands.  The  user  may  define  CLEAR  STATUS  by  typing  a "+", MESSAGE  ERROR  by  typing  a  '-*  and  a  NO  RESPONSE  by  typing 
a "."  for  a  particular  subaddress  and  word  count. 


-Legality/RT  Response  to  Receive  Commands- 
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Selection  Options 


Clear  Status 
Message  Error 
No  Response 


F  -  toggles  the  "Fill  to  end  of  line"  option 
Lhelf>  


+  + 

+  + 
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FIGURE  5.  LEGALITY  MENU 
NOTE:  Shown  for  RECEIVE  COMMANDS,  similar  menu  for  TRANSMIT  and  BROADCAST  COMMANDS. 


Undefined 
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-Legality/RT  Response  to  Mode  Commands- 
MODE  CODES 
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12 


16 


RX 
TX 


RX 
TX 
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FIGURE  6.  LEGALITY  MODE  CODE  MENU  5. 
(Default  values) 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-65519 


DATA  MENU  SCREEN 

The  DATA  MENU  SCREEN,  FIGURE  7,  allows  the  user  to  define  data  for  MODE  CODE  and  NON-MODE  CODE  commands.  The  first 
three  fields  are  what  the  tester  sends  to  the  UNIT  UNDER  TEST .  For  the  TRANSMITTED  DATA  field,  the  user  may  enter  data  of  his 
choice  to  be  transmitted  out  on  the  bus. 

 Discrete  Output  Options  


fSetup 

General 

Legality 

Data 

I/O  Card 
Tests 
Reports 
File 


Tl 


Automated 

Service  Request   Yes 

Busy  Yes 

Subsystem  Flag  Yes 

Dynamic  Bus  Control  Yes 

Terminal  Flag  Yes 

Hardware  Reset  Yes 

Power  On/Off  Yes 

RT  Address  Yes 

Reset  UUT  to  Latch  RT  Address-  Yes 


Delay  After  Changing  Output- ■ ■   001  milsec 


Esc-Exit  Fl-Help 


F2-Abort  F9-Beep 

FIGURE  7.  DATA  MENU  SCREEN 


I/O  CARD  MENU 


An  optional  I/O  card  can  be  used  for  selecting  discrete  output  options,  see  FIGURE  8  and  TABLE  3.  For  the  discrete  output  options,  a 
YES  response  means  the  output  I/O  card  provides  the  variable  selected  output.  A  NO  response  means  the  user  will  be  prompted  for 
appropriate  action.  The  DELAY  after  CHANGING  OUTPUT  specifies  the  settling  time  required  by  external  hardware  and  ranges  from  001 
to  999  milliseconds.  At  this  time,  all  lines  are  active  high. 


General 

Legality 

Data 

I/O  Card 

Tests 

Reports 

File 


 Data  [HEX]  for  Mode  Commands  

Synchronize  with  Data  1234 
Bus  A  -  Selective  Bus  Inhibit/Override  AAAA 
Bus  B  -  Selective  Bus  Inhibit/Override  BBBB 

 Transmitted  Data  


Esc-Exit  Fl-Help 


Word 

Data 

Word 

Data 

Word 

Data 

No. 

[HEX] 

No. 

[HEX] 

No. 

[HEX] 

1 

5555 

12 

5555 

23 

5555 

2 

5555 

13 

5555 

24 

5555 
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5555 

14 

5555 

25 

5555 
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5555 

15 

5555 

26 

5555 

5 

5555 

16 

5555 

27 

5555 

6 

5555 

17 

5555 

28 

5555 

7 

5555 

18 

5555 

29 

5555 

8 

5555 

19 

5555 

30 

5555 
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rort 

F9-Beep 

FIGURE  8.  DISCRETE  OUTPUT  OPTIONS 
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TABLE  3.  DISCRETE  I/O  PIN  OUT 

PIN# 

DESCRIPTION 

5 

Dynamic  Bus  Acceptance 

6 

Sub  System  Flag 

7 

Busy 

8 

Service  Request 

9 

Terminal  Flag 

10 

Reset  (Power  ON) 

32-36 

RT  Address  (Pin  #32  =  MSB) 

37 

RT  Parity 

TEST  MENU 

This  menu  allows  the  user  to  select  which  test  he  would  like  to  perform(See  FIGURE  9).  TABLE  4  is  a  complete  listing  of  the  PTP  tests, 
by  paragraph. 


5. 

2.1.1 

Yes 

5. 

2.1.1. 

1 

Yes 

5. 

2.1.1. 

2 

Yes 

5  . 

2.1.2 

Yes 

5. 

2.1.3 

Yes 

5. 

2.1.4 

Yes 

5  . 

2.2.1 

5. 

2.2.2 

Yes 

5. 

2.2.2. 

1 

 Tests  

RT  Address 
Valid  RT  Address 
Invalid  RT  Address 

Word  Count 

Subaddress 

Error  Injection 

Dual  Redundant  Operation 

Mode  Commands 

Dynamic  Bus  Control 


FIGURE  9.  TEST  MENU  WINDOW  #1 
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TABLE  4.  TESTS  INCLUDED  IN  PTP  PROGRAM 


 Tests  

5 . 2  Protocol  Tests 

5.2.1  RT  Response  to  Command  Words 

5.2.1.1  RT  Address 

Yes  5.2.1.1.1  Valid  RT  Address 

Yes  5.2.1.1.2  Invalid  RT  Address 

Yes  5.2.1.2  Word  Count 

Yes  5.2.1.3  Subaddress 

Error  Injection 

Yes  5.2.2.1  Dual  Redundant  Operation 

5.2.2.2  Mode  Commands 
s  5.2.2.2.1  Dynamic  Bus  Control 

5.2.2.2.2  Synchronize 
No    5.2.2.2.2.1  Synchronize  (Without  Data  Word) 

Yes  5.2.2.2.2.2  Synchronize  (With  Data  Word) 

Yes  5.2.2.2.3  Transmit  Status 

5.2.2.2.4  Initiate  Self -Test 

Transmit  BIT  Word 
Transmitter  Shutdown  and  Override 
Dual  Redundant  Shutdowns  and  Overrides 
Selective  Bus  Shutdowns  and  Overrides 
Terminal  Flag  Bit  Inhibit  and  Override 
Reset  Remote  Terminal 
Transmit  Vector  Word 
Transmit  Last  Command 

5.2.2.3  status  Word 

Yes  5.2.2.3.1  Service  Request 

Yes  5.2.2.3.2  Broadcast 

Yes  5.2.2.3.3  Busy 

Yes  5.2.2.3.4  Subsystem  Flag 

Yes  5.2.2.3.5  Terminal  Flag 

5.2.2.4  Broadcast  Messages 
5.2.2.4.1  Response  to  Best  Commands 

Yes  5.2.2.4.1.1  BC  to  RT  Best  Commands 

5.2.2.4.1.2  Best  Mode  Commands 

Yes  5.2.2.4.1.2.1        Best  Synchronize  (without  data  word) 
Yes  5.2.2.4.1.2.2       Best  Synchronize  (with  data  word) 
Yes  5.2.2.4.1.2.3        Best  Initiate  Self -Test 

5.2.2.4.1.2.4      Best  Transmitter  Shutdown  and  Overrides 

1  Best  Dual  Redundant  Shutdowns  and  Overrides 

2  Best  Selective  Bus  Shutdowns  and  Overrides 
Best  Terminal  Flag  Bit  Inhibit  and  Override 
Best  Reset  Remote  Terminal 
RT  to  RT  Best  Commands 


2. 

3 
4 

Yes  5.2.2.2.5 
5.2.2.2.6 
5.2.2.2.6.1 
5.2.2.2.6.2 
5.2.2.2.7 
Yes  5.2.2.2.8 
Yes  5.2.2.2.9 
Yes  5.2.2.2.10 


Yes 


Yes 

No 

Yes 


Yes  5.2.2.4.1.2.4. 
No  5.2.2.4.1.2.4. 
Yes  5.2.2.4.1.2.5 
Yes  5.2.2.4.1.2.6 
5.2.2.4.1.3 


Yes 

5.2.2.5 
Yes  5.2.2.5.1 
Yes  5.2.2.5.2 
Yes  5.2.2.5.3 

Yes  5.2.2.6 

A 

Yes  Al 
Yes  A2 
Yes  A3 
Yes  A4 
No  A5 
Yes  A6 
Yes  A7 


<  End  of  List  > 


RT  to  RT  Transfers 
RT  to  RT  Transmit 
RT  to  RT  Receive 
RT  to  RT  Timeout 

Illegal  Commands 

Notice  II 
Unique  Address 
Mode  Codes 

Reset  Remote  Terminal 
Initiate  Self-Test 
Power  On  Response 
Data  Wrap-Around 
RT  to  RT  Validation 


-PgUp 
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REPORTS  MENU 

This  menu  sends  a  report  to  either  the  disk  or  printer.  The  user  may  specify  N  for  NO  RESULTS,  F  for  FAILED  RESULTS,  or  A  for  ALL 
RESULTS. 


This  menu  allows  the  user  to  save  or  load  a  previously  saved  PTP-subset  and  RTU  configuration  to  or  from  a  disk.  This  provides  the  user 
a  convenient  way  of  setting  up  a  variety  of  products  to  be  tested. 


After  the  user  has  gone  through  all  the  setup  menus  or  selected  a  previous  file,  this  selection  will  run  all  tests  selected  in  the  TEST  MENU. 
As  each  test  is  being  run,  it  will  be  displayed  on  the  screen  and  if  any  errors  occur  they  will  also  be  displayed. 

RESULTS  MENU 

After  all  the  tests  are  completed,  the  Results  menu  will  display  a  list  (see  FIGURE  1 0)  of  all  tests  with  any  failures  that  had  occured. 
*********************************************** 


FILE  MENU 


RUN  MENU 


Production  Tests 


*********************************************** 


Bus  A    Bus  B 


Test 


Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
N/A 


5.2.2.2.6.1 
5.2.2.2.6.2 


5.2.1.2 
5.2.1.3 
5.2.1.4 
5.2.2.1 


5.2.1.1.1 
5.2.1.1.2 


Valid  RT  Address 

Invalid  RT  Address 

Word  Count 

Subaddress 

Error  Injection 

Dual  Redundant  Operation 

Dual  Redundant  Shutdown  and  Overrides 

Selective  Bus  Shutdown  and  Overrides 


FIGURE  10.  RESULTS  MENU 


ORDERING  INFORMATION 
BUS-65519  -  Includes  MIL-STD-1553  Tester  and  Production  Test 
Plan  Software. 


Optional  parallel  I/O  Card  (DT2817)  -  Available  from 

DATA  TRANSLATION  INC.   100  Locke  Drive,  Marlboro,  MA 

01752-1192  (508)481-3700 
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DESCRIPTION 

The  BUS-65522  provides  full,  intelligent 
interfacing  between  the  serial  dual  re- 
dundant MIL-STD-1553B  Data  Bus  and 
the  parallel  VMEbus  and  VXIbus.  Soft- 
ware controls  the  BUS-65522  s  opera- 
tion as  either  a  1553  Bus  Controller 
(BC).  Remote  Terminal  (RT).  or  Bus 
Monitor  (MT). 

The  VME/VXI  board  is  packaged  on  one 
double  eurocard  size  printed  circuit 
card.  Its  on-board  8K  x  1 6  dual  access 
RAM  is  double  buffered,  preventing  par- 
tially updated  data  from  being  read  by 
the  CPU  or  transmitted  to  the  1 553  Data 
Bus.  The  CPU  can  access  any  part  of 
the  shared  RAM  as  needed. 

Ail  MIL-STD-1553  functions:  address 
recognition.  Manchester  coding  valida- 
tion, bit  count  and  mode  code  response 


are  provided  without  subsystem  inter- 
vention. The  BUS-65522  contains 
eleven  VMEbus/VXIbus  and  1 553  com- 
mand registers  which  allow  the 
subsystem  to  configure  its  operation 
under  software  control. 

The  BUS-65522  supports  four  groups  of 
vectored  interrupts.  One  custom  inter- 
rupt can  be  programmed  by  the 
on-board  PROM.  The  interrupts  can  be 
software  controlled  as  to  enable/ 
disable,  priority  level  and  8  bit  vector. 

Additional  features  include  a  dynamic 
wrap-around  Built-in-Test  (BIT),  on- 
board Time  Tag  counter,  and  software 
loaded  board  base  address  and  BUS- 
65522  RT  address.  The  BUS-65522 
supports  all  dual  redundant  mode  codes 
and  message  formats.  Its  full  compli- 
ance with  MIL-STD-1 553B  makes  it  an 
excellent  choice  for  dynamic  real  time 
applications. 


MIL-STD-1 553B  BC/RTU/MT 
VME/VXI  INTERFACE  UNIT 

FEATURES 

•  VMEbus/VXIbus  INTERFACE  WITH 
INTELLIGENT  1553  BC/RT/MT 

•  STANDARD  DOUBLE 
EUROCARD  SIZE 

•  SUPPORTS  ALL  1553B  DUAL 
REDUNDANT  MESSAGE 
FORMATS  AND  MODE  CODES 

•  8KX  16  ON-BOARD  DUAL 
ACCESS  RAM 

•  D08(E0),  D16  DATA  TRANSFERS 

•  A16/24.A1 6/32  JUMPER 
SELECTABLE 

•  ON-BOARD  TIME  TAG  COUNTER 

•  DYNAMIC  WRAP-AROUND 
BUILT-IN-TEST  (BIT) 

•  ON-BOARD  MEMORY 
MANAGEMENT 


LED  INDICATORS 


IACKIN 
IACKOUT 
DTACK 
READ/WRITE 
SYS  RESET 

AODR  A16-A31 


FIGURE  1.  BUS-65522  BLOCK  DIAGRAM 
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TABLE  1 .  BUS-65522  &  65523  SPECIFICATIONS 

PARAMETER 

VALUE 

UNITS 

Power  Supplies 

-  5V 

-  12V-15V(-/-10%) 

-  12V-15V(-W  10%) 

1.00 
0.21  (100%  DC) 

0.06  (IDLE) 
0.26  (100%  DC) 

0.13  (IDLE) 

Amps.  max. 
Amps,  max. 
Amps.  max. 
Amps.  max. 
Amps.  max. 

Temperature  Range 

Operating 
Storage 

0TO  -70 
-65  TO  *150 

Degrees  C 
Degrees  C 

Size 

Double  Eurocard 

6.3  x9.2  x0.6 
16x23.4x1.1 

Inches 
CM 

GENERAL 

The  BUS-65522  provides  a  user  friendly  interface  between  the 
serial  MIL-STD-1 553B  Bus  and  the  VME/VXI  Bus.  The  operating 
modes  of  the  BUS-65522  are  controlled  through  the  use  of  eleven 
on-board  registers.  1 553  message  traffic  is  stored  and  retrieved 
using  the  dedicated,  memory  mapped,  on-board  8K  words  of 
RAM.  The  1553  internal  registers  control  and  operate  the 
BUS-65522.  They  include  the  Configuration  Register,  Start/ 
Reset  Register,  1553  Time  Tag  Register,  Interrupt  Select  Regis- 
ter, and  RTU  Address  Register.  The  Configuration  Register  de- 
fines the  operating  mode.  The  Start/Reset  Register  generates 
the  start  and  reset  signals.  The  Interrupt  Mask  Register  enables 
desired  interrupts,  with  the  interrupt  priority  level  being  software 
programmable  by  the  user.  The  RTU  Address  Register  is  used  to 
program  the  RTU  address.  The  1 553  Time  Tag  Register  is  used 
to  time  tag  messages  or  act  as  a  word  counter  in  the  out  mode. 
The  VME/VXI  functions  are  controlled  by  the  other  six  registers 
which  include  the  Identification  Register,  Device  Type.  STATUS 
Control,  offset,  vector/enable/level  and  Device  Type  Extension 
Register. 

The  BUS-65522  s  8K  x  1 6  high  speed  static  RAM  is  shared  by  the 
CPU  and  the  1 553  Bus  with  memory  arbitration  handled  automat- 
ically by  the  BUS-65522. 


The  BUS-65522  will  withhold  the  DTACK  signal  to  the  CPU  while 
a  word  is  being  transferred  to  or  from  the  1 553  Bus.  Since  the 
memory  arbitration  is  handled  by  simply  stretching  the  hand- 
shake cycle,  the  wait  state  is  transparent  to  the  CPU  s  software.  A 
maximum  wait  of  1 .90  ,u.s  may  occur. 

The  RAM  implements  the  Stacks  and  Look-Up  Tables  required 
for  the  different  modes  of  operation,  as  well  as  for  storing  the 
1553  messages.  A  double  buffering  architecture  is  available  to 
prevent  partially  updated  information  from  being  transferred  to 
or  from  the  1553  Bus.  A  Descriptor  Stack  is  used  in  both  BC 
and  RTU  modes.  This  stack  records  the  status  of  each  message, 
the  time  the  message  was  transmitted  or  received,  and  contains 
either  the  received  1553  command,  (in  RTU  mode),  or  the  actual 
address  of  the  data  block  containing  the  1553  message  (in  BC 
mode).  In  the  RTU  mode,  a  Look-Up  Table  is  implemented  to 


store  the  address  of  the  data  blocks  to  be  used  when  receiving 
or  transmitting  messages  for  a  particular  subaddress. 

The  BUS-65522  may  also  be  used  as  a  passive  MT:  in  this  mode 
all  messages  transferred  across  1 553  Bus  A  or  Bus  B  are  cap- 
tured. The  BUS-65522  generates  an  Identification  Word  for  each 
word,  indicating  its  sync  type  (command  or  data),  the  1 553  chan- 
nel it  was  received  on,  (A  or  B),  whether  it  contained  an  error, 
(parity,  incorrect  bit  count,  etc.)  and  whether  it  was  preceded  by  a 
gap  of  more  than  2.5  /j.s.  If  the  gap  was  more  than  2.5  ,us.  the 
length  of  the  gap,  (in  0.5  ixs  units)  using  8  bit  resolution  is  given. 

ADDRESSING  THE  BUS-65522  WITH  A 
MICROPROCESSOR 

The  BUS-65522  contains  DDCs  BUS-66312  II  to  manage  its 
on-board  8Kx  16  RAM. 

All  pointers  used  by  the  BUS-66312  are  assumed  to  be  word 
addresses.  For  example,  to  begin  Descriptor  Stack  B  at  location 
1000,  the  user  initializes  Descriptor  Stack  Pointer  B  to  word 
location  0800  ( 1 000  divided  by  two). 

INDICATORS: 

Green  front  panel  led  indicates  that  the  BUS-65522  offset  regis- 
ter has  been  initialized. 

Orange  front  panel  led  indicates  when  the  board  is  active  on  the 
MIL-STD-1 553  Bus. 

Red  front  panel  led  indicates  when  the  BUS-65522  has  failed  the 
internal  self  BIT  test. 

IMPLEMENTATION  OF  THE  DESCRIPTOR  STACK 

The  BUS-65522  uses  a  Descriptor  Stack  in  BC  and  RTU  modes 
which  may  reside  anywhere  in  the  non-fixed  area  of  RAM  (see 
figures  2  and  3).  The  Stack  Pointer  is  16  bits  and  resides  in  a 
fixed  area  of  RAM.  The  8  LSBs  of  the  Stack  Pointer  are  loaded 
into  an  internal  counter  which  the  BUS-65522  increments  by 
four  after  each  1553  message  has  been  processed.  The  results 
are  loaded  back  into  the  Stack  Pointer  location  in  RAM.  Any 
carry  generated  by  the  counter  is  ignored.  As  a  result,  the  stack 
occupies  256  contiguous  words  of  memory,  and  the  256th  word 
is  automatically  followed  by  the  first  word  in  the  Stack  (see  figure  4). 
The  8  MSBs  are  used  as  a  base  address. 

The  Descriptor  Stack  is  divided  into  four  word  descriptor  blocks. 
The  first  word  is  the  Block  Status  Word.  The  second  word  con- 
tains the  time  tag,  and  the  third  is  reserved  for  system  use.  The 
contents  of  the  fourth  word  depend  on  the  operating  mode  of 
the  BUS-65522.  In  BC  mode  it  contains  the  address  of  the  1 553 
message.  In  RTU  mode  it  contains  the  received  1553  command 
word.  See  the  description  of  the  particular  operating  mode  for 
more  information. 

BLOCK  STATUS  WORD.  The  Start-of-Message  (SOM)  bit  is 
set  by  the  BUS-65522  when  it  begins  processing  the  message 
associated  with  that  particular  Descriptor  Block.  The  End-of-Mes- 
sage  (EOM)  bit  is  set  and  the  SOM  reset  upon  completion  of 
the  message.  MESSAGE  STATUS  and  ERROR  bits  are  also 
set  at  that  time.  See  figure  5  and  table  2. 
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CONFIGURATION 
REGISTER 


STACK 
POINTERS 


DESCRIPTOR 
STACKS 


DATA  * 
BLOCKS 


n 


CURRENT 
AREA  B/A 


MESSAGE 
COUNTER 


■NOTE. 

STACK  POINTERS  and  MESSAGE  COUNTERS  are  switched  via  the  CONFIG- 
URATION REGISTER  under  external  CPU  control. 

"NOTE: 

DESCRIPTOR  STACKS  and  DATA  BLOCKS  have  256  word  boundaries  which 
should  be  observed. 

FIGURE  2.  USE  OF  DESCRIPTOR  STACK  -  BC  MODE 


CONFIGURATION 
REGISTER 
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STACK 
POINTERS 
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CURRENT 
AREA  B/A 


DESCRIPTOR** 
STACKS 


LOOK-UP  TABLE 
(DATA  BLOCK  ADDR) 


•NOTE: 

STACK  POINTERS  and  LOOK-UP  TABLE  are  switched  via  the  CONFIGURA- 
TION REGISTER  under  external  CPU  control. 

"NOTE: 

DESCRIPTOR  STACKS  and  DATA  BLOCKS  have  256  word  boundaries  which 
should  be  observed. 


DATA  ** 
BLOCKS 


DATA  BLOCK 


 I 


DATA  BLOCK 


FIGURE  3.  USE  OF  DESCRIPTOR  STACK  -  RTU  MODE 
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a  nnocc c 
AUUHtoo 

0000 

J 

01  FF 

Descriptor  Stack  A* 

0200. 0201 

Stack  Pointer  A 

0208.0209 

Stack  Pointer  B 

0E00 
I 

0FFF 

Descriptor  Stack  B- 

Internal  Stack  Register  incremented 
by  four  after  each  message  is  pro- 
cessed. Results  are  placed  back  in  the 
8  LSBs  of  Stack  Pointer. 


•The  address  space  listed  is  an  example. 

FIGURE  4.  IMPLEMENTATION  OF  DESCRIPTOR  STACK 


TIME  TAG:  In  BC  and  RTU  modes  the  contents  of  the  1 553  Time 
Tag  Counter  is  loaded  into  this  location  at  the  beginning  of  each 
message  and  updated  at  the  end.  Each  of  the  16  bits  represent 
1  /j.s.  See  1 553  time  tag/word  counter  register  description. 


ADDRESS  MODIFIERS 

The  address  modifiers  are  programmed  in  a  PAL,  with  the  follow- 
ing responses: 


ADDRESS  MODE 

A16 
A24 

A32 


MODIFIERS 

29.  2D 
3D.3E.39.3A 
0D.0E,  09.  OA 


15  14  13  12  11  10  9  8  7 


□ 


|  NOT  USED  1 


■  LOOP  TEST  FAIL 

■  RESPONSE  TIME  OUT  (BC  ONLY) 

■  MESSAGE  OR  FORMAT  ERROR 

•  STATUS  WORD  ERROR  (BC  ONLY) 

•  ERROR  FLAG 

■  CHA/CHB  (RTU  ONLY) 

•  SOM 

•  EOM 


FIGURE  5.  BLOCK  STATUS  WORD 


TABLE  2.  BLOCK  STATUS  WORD  BIT  DEFINITIONS 


NAME 


EOM 
SOM 

CHA/CHB 


ERROR 
FLAG 


STATUS 
SET 


FORMAT 
ERROR 


RESPONSE 
TIMEOUT 


LOOP  TEST 
FAIL 


DEFINITION 


End  Of  Message.  Set  at  the  completion  of  a  message 
transfer,  regardless  of  whether  or  not  any  errors  were 
detected. 

Start  Of  Message.  Set  at  the  beginning  of  a  message 
transfer  and  reset  upon  completion  of  the  message, 
regardless  of  whether  or  not  any  errors  were  detected. 
Channel  A/B.  Set  in  RTU  mode  to  indicate  whether  the 
message  was  received  on  1 553  bus  A  or  B.  Set  to  0  in 
BC  mode  regardless  of  which  bus  is  used  for  the 
message. 

Indicates  an  error  was  detected  during  the  processing  of 
the  particular  message  The  particular  error  can  be 
determined  by  examining  bits  0  to  3. 
Set  in  BC  mode  to  indicate  that  the  received  RTU  status 
word  had  a  status  bit  set  or  that  the  wrong  RTU 
responded  to  the  command. 

Set  when  the  MESSAGE  ERROR  flag  is  set  in  the 
returning  RTU's  status  word  or  if  any  word  received  off 
the  bus  violated  1 553B  specifications  (incorrect  parity 
or  Manchester  sync  field,  incorrect  number  of  bits,  etc.). 
Also  set  in  RTU  mode  when  the  BUS-65522  is  acting  as 
the  receiving  RTU  in  an  RTU-RTU  message  transfer  to 
indicate  that  the  wrong  RTU  responded  as  the  transmit- 
ting RTU. 

Set  in  BC  mode  if  the  addressed  RTU  did  not  respond 
within  1 4     of  receiving  a  Transmit  command  or  the  last 
data  word  in  a  Receive  command.  Also  set  in  RTU  mode 
when  the  BUS-65522  is  acting  as  the  receiving  RTU  in  a 
RT-RT  message  transfer  to  indicate  that  the  trans- 
mitting RTU  did  not  respond  in  time. 
Set  to  indicate  that  the  BUS-65522  did  not  pass  its  con- 
tinuous on-line  self  test. 


INTERRUPT  PROCESSING 

The  BUS-65522  generates  an  interrupt  to  the  processor,  upon 
receiving  an  interrupt  acknowledge  from  the  processor.  The 
board  will  place  the  interrupt  vector  on  the  data  bus  and  remove 
the  interrupt  request.  Further  interrupts  are  inhibited  until  the 
Status  /  Control  register  is  read.  A  1 553  reset  mode  command  or 
power-on  condition  will  inhibit  further  interrupts.  The  interrupts 
will  be  enabled  after  the  processor  initiates  a  Status  /  Control 
register  read  command. 

INTERRUPT  SPECIFICATION 

The  BUS-65522  generates  four  types  of  interrupts.  These  types 
can  be  individually  enabled  or  disabled  by  the  software  with  the 
VECTOR/ENABLE/LEVEL  REGISTER.  The  interrupt  vector, 
priority  level,  and  interrupt  type  enable  are  loaded  into  this  regis- 
ter. The  four  interrupt  types  are: 

1553 

PROM/WORD  COUNT 
BIT  FAIL 
BUFFER  FLIP 

1553  interrupt-is  generated  for  an  error  condition  or  end  of  mes- 
sage (EOM).  The  error  could  occur  for  either  a  format  error,  status 
bit  set  or  no  response  as  shown  in  the  1 553  section. 

PROM/WORD  COUNT  INTERRUPT-is  used  in  the  RT  mode  by 
programming  a  illegalization  PROM  to  meet  the  system  require- 
ment. Parameters  monitored  by  the  PROM  are  subaddress,  T/R 
bit,  Word  Count  and  valid  messages.  In  the  monitor  mode  of 
operation  this  interrupt  is  generated  whenever  the  time  tag 
counter  crosses  the  internal  memory  256  word  boundary,  indicat- 
ing 256  (data  &  tag)  words  have  been  placed  in  memory. 

BIT  FAIL.  This  is  generated  whenever  the  internal  Wraparound 
self-test  fails. 

BUFFER  FLIP.  This  indicates  that  the  requested  Buffer  Flip 
(memory  swap)  has  been  completed.  This  flip  occurs  after  the 
1 553  message  activity  has  ceased.  See  Figure  8.  Bit  8. 
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ILLEGALIZING  PROM 

The  BUS-65522  has  a  socket  for  a  4K  x  4  PROM  (U42, 
PN  2734 1 )  that  is  used  in  the  RT  mode  to  illegalize  commands, 
resetting  the  time  tag  counter,  generating  a  custom  selected 
interrupt  and  a  custom  selected  trigger.  The  PROM  mapping 
should  oe  setup  as  follows: 


ADDRESS 


OUTPUT 


AO 

WORD  COUNT  0 

00 

ILLEGAL 

A1 

WORD  COUNT  1 

01 

TIME  TAG  RESET 

A2 

WORD  COUNT  2 

02 

CUSTOM  INTERRUPT 

A3 

WORD  COUNT  3 

03 

NOT  USED 

A4 

WORD  COUNT 4 

A5 

SUB  ADDRESS  0 

NOTES: 

A6 

SUB  ADDRESS  1 

Maximum  access  time 

A7 

SUB  ADDRESS  2 

(address  to  data  valid) 

A8 

SUB  ADDRESS  3 

is  250ns 

A9 

SUB  ADDRESS  4 

A10 

T/R 

For  further  information 

A1 1 

BROADCAST 

refer  to  User's  Manual. 

BUS-65522  Register  Specification 


TABLE  3.  BUS-65522  REGISTERS 

WORD 

ADDRESS 

BYTE 

ADDRESS 

DESCRIPTION 

00 

00 

01 

IDENTIFICATION 

02 

02 

03 

DEVICE  TYPE 

04 

04 

05 

STATUS  /  CONTROL 

06 

06 

07 

OFFSET  (BASE  ADDRESS  OF  RAM) 

08 

08 

09 

VECTOR  /  ENABLE  /  LEVEL 

OA 

OA 

0B 

DEVICE  TYPE  EXTENSION 

0C 

X 

0D 

1553  RT  ADDRESS 

0E 

0E 

OF 

1553  BC-RT  TIME  TAG  /MTVvORD  COUNT 

10 

X 

11 

1553  INTERRUPT  SELECT 

12 

12 

X 

1553  CONFIGURATION 

14 

X 

X 

1553  NOT  USED 

16 

X 

17 

1553  START /RESET 

DEFINITIONS: 

IDENTIFICATION  REGISTER.  A  1 6  bit  read  only  register  used  to 
convey  the  device  class,  address  space  and  manufacturer  identi- 
fication per  VXI  requirement.  The  bit  definitions: 

15  14  13  12  11  0 


I.I  I  I  I  I  I  I  I  LTD 


r 

■  MANUFACTURER  ID 
•  ADDRESS  SPACE 

■  DEVICE  TYPE 


NAME 

DEFINITION 

DEVICE 
TYPE 
ADDRESS 
SPACE 

MANUFACTURER 
ID 

"11"  =  Register 

00  (TB3  open  A1 6/A24  mode  selected) 

01  (TB3  closed  A1 6/A32  mode  selected) 

1111  1  1  10  1000  (HEX  FEB)  =  DDC'S 

FIGURE  6.  IDENTIFICATION  REGISTER 


DEVICE  TYPE  REGISTER.  A  1 6  bit  read  only  register  used  to 
convey  the  required  memory  and  device  type  per  VXI  require- 
ment. The  bit  definitions: 


15  14  13  12  11  0 
I.I    I    I    I    I    I    I    I    I    I    I, I 


I 


■DEVICE  TYPE 
■REQUIRED  MEMORY 


NAME 

DEFINITION 

REQUIRED 

1 001  (TB3  open  A1 6/ A24  mode  selected) 

MEMORY 

1111  (TB3  closed  A1 6/A32  mode  selected) 

DEVICE  TYPE 

01100101  0000  (HEX  620)  =  BUS-65522 

0110  0011  0000  (HEX  630)  =  BUS-65523 

FIGURE  7.  DEVICE  TYPE  REGISTER 

STATUS  /  CONTROL  REGISTER.  A  16  bit  register.  Bit  15  is  a 
read/write  bit  that  defines  the  status  of  the  offset  register.  When 
this  bit  is  a  "1"  the  software  has  previously  initialized  the  offset 
register  and  memory  read/write  are  allowed.  When  this  bit  is 
reset,  memory  read/writes  are  not  executed  and  the  DTACK  is 
not  returned  to  the  CPU.  Bits  1 4  to  1  are  read  only  status  bits  and 
contain  the  parity  check  on  the  selected  RT  address  and  the 
interrupts  status.  Bit  0  is  write  only  reset  bit  equivalent  to  a  power 
on  reset.  The  bit  definitions: 


15  14  13  12  11  10  9  8  7 


4  3   2  10 


BIT0 
LOGIC  0 
LOGIC  1 
LOGIC  0 
BIT  8 
BIT  9 
BIT  10 
BIT  11 
BIT  12 
LOGIC  1 
LOGIC  1 
BIT  15 


NAME 

DEFINITION 

BIT  15 

RAM  ENABLE 

Enables  access  to  RAM.  Writing 

a  "1"  enables  access  to  RAM. 

this  bit  is  reset  upon  power  up  or  with  bit  0  of 

the  STATUS/CONTROL. 

BIT  12 

1 553  address  has  odd  parity 

BIT  11 

1553  interrupt 

BIT  10 

Custom  interrupt 

BIT  9 

Loop  error  interrupt 

BIT  8 

Buffer  flip  interrupt 

BIT0 

Don't  care  read.  A  write  "i"  causes  a 
reset,  same  as  power  on  reset  of  board. 

FIGURE  8.  STATUS/CONTROL  REGISTER 
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OFFSET  REGISTER.  This  is  a  16  bit  read/write  register  which 
defines  the  on  board  memory  base  address.  In  the  A1 6/23  mode 
the  upper  8  bits  of  the  register  are  not  used.  Bits  1 5-0  equals  the 
memory  base  address.  Note:  User  must  set  Bit  1 5  to  a  logic  "  1 " 
to  access  RAM. 

VECTOR/ENABLE/LEVEL  REGISTER  This  is  a  16  bit  read/ 
write  register  which  defines  the  value  of  the  interrupt  vector, 
enable/disables  the  four  interrupts  and  defines  the  interrupt  prior- 
ity level  to  4,  5,  6,  and  7.  The  bits  are  defined  as: 

15  12  11  8    7  0 

1,1 1 1^1 1 1^1 1 1 1 1 1  Ijl 

I  INTERRUPT  VECTOR 

1  1  INTERRUPT  ENABLE 

I  '  INTERRUPT  LEVEL  ENABLED 


NAME 

DEFINITION 

INTERRUPT 

Bit  15  =  "1"  level  7  enabled 

LEVEL 

Bit  14  =  "1"  level  6  enabled 

ENABLE 

Bit13  =  "1"  level  5  enabled 

Bit12=  T  level  4  enabled 

INTERRUPT 

Bit  1 1  =  "1 "  enables  1553  interrupt 

ENABLE 

Bit  1 0  =  "1 "  enables  custom  interrupt 

Bit  9  =  "1 "  enables  BIT  interrupt 

Bit  8  =  "1 "  enables  buffer  flip  interrupt 

INTERRUPT 

Bit  7  =  MSB  (user  defined) 

VECTOR 

Bit  0  =  LSB 

FIGURE  9.  VECTOR/ENABLE/LEVEL  REGISTER 


DEVICE  TYPE  EXTENSION  REGISTER.  This  is  a  16  bit  read 
only  register  thai  completes  the  device  type  model  code.  For  a 
standard  BUS-65522/23  this  register  is  defined  to  be  (hex  0000) 
0000  0000  0000  0000.  For  earlier  SN's  the  register  will  read: 
BUS-65522  =  0010  0010  0000  0000  (HEX2200) 
BUS-65523  =  0010  001 1  0000  0000  (HEX2300) 

1 553  TIME  TAG  /  WORD  COUNT  REGISTER.  This  1 6  bit  read/ 
write  register  is  used  in  two  different  modes.  In  the  BC  or  RT  mode 
it  performs  as  a  time  tag  counter,  that  is  incremented  every 
microsecond.  In  the  MT  mode  it  is  a  word  counter  that  increments 
every  time  a  1 553  word  and  its  identification  words  are  placed  in 
memory,  (i.e..  Every  time  a  word  pair  occurs  the  register  incre- 
ments 1 .) 

The  time  tag  counter  is  reset  by  any  of  the  following: 

1 .  Write  operation  clears  register. 

2.  Power  on  reset 

3.  Status  control  reset 

4.  1 553  reset,  (start/reset  register) 

5.  As  programmed  in  the  RT  illegalization  PROM  in  the  RT  mode 
of  operation,  ex:  mode  code  reset. 


The  time  tag/word  counter  register  bit  definition  is  as  follows: 

Bit  15-0      •  Time  tag  (RT/BC)  mode 
LSB  =  1  microsecond 
•  Word  count  (MT)  mode 

LSB  =  2  words  in  memory  (data  &  tag  word) 

1553  CONFIGURATION  REGISTER.  An  8  bit  read/write  regis- 
ter. The  four  MSB's  define  the  mode  of  operation:  the  tour  LSB  s 
control  the  RT  status  bits  in  the  1 553  status  word.  Activating  the 
SUBSYSTEM  FLAG  ,  SERVICE  REQUEST  ,  BUSY  ,  and 
DB  ACCEPT  bits  to  logic  "0  causes  the  BUS-65522  to  set 
these  bits  in  the  1 553  status  word.  If  BUSY  is  set,  the  status 
word  only  will  be  transmitted  upon  receipt  of  a  transmit  command, 
but  data  associated  with  a  receive  command  will  be  placed  in  the 
RAM.  see  figure  10.  The  bits  are  defined  as  follows: 

15  9  8  0 

I,  I,  I, I, I, I,  I, I, I    I    I    I    I    I    I    I  I 


SUBSYSTEM  FLAG 
SERVICE  REQUEST 
BUSY 

DB  ACCEPT 
STOP  ON  ERROR 
CURRENT  AREA  B/A 
MT 

RTU/BC 


NAME 

DEFINITION 

SUBSYSTEM  FLAG 
SERVICE  REQUEST 
BUSY 

DB  ACCEPT 
STOP  ON  ERROR 

CURRENT  AREA  B/A 

1553  Status  Word  bit. 

1553  Status  Word  bit. 

1553  Status  Word  bit. 

1553  Status  Word  bit. 

Causes  BC  to  stop  at  end  of  cunent  data 

block  if  an  error  is  detected . 

Used  for  Double  Buffering:  see  description. 

RTU/BC,  MT 

Operating  Mode 

Bit  15      Bit  14 

BC 
MT 
RTU 
ILLEGAL 

0  0 

0  1 

1  0 

1  1 

Note:  A  "0  in  bits  9-11  activates  the  corresponding  bit  in  the  1553  Status  Word. 

FIGURE  10. 1553  CONFIGURATION  REGISTER 


1553  INTERRUPT  SELECT  REGISTER.  An  8  bit  read/write 
register  used  to  enable  interrupt  conditions.  All  interrupts  are 
enabled  with  a  logic  "1".  In  the  BC  and  RT  modes  the  BUS-65522 
generates  an  IRQ  (interrupt  request)  for  an  EOM  or  error  set 
condition.  An  IRQ  is  generated  in  the  BC  mode  for  a  BC  EOM 
indicating  that  all  requested  transfers  by  the  BC  are  completed. 
Refer  to  the  VECTOR/ENABLE/LEVEL  REGISTER  for  setting 
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the  interrupt  priority  level,  see  figure  9.  The  bits  are  defined  as 
follows: 


15 


7   6   5   4   3   2    1  0 


SPARE  

BC  EOM  

FORMAT  ERROR/STATUS  SET  ■ 

NOT  USED  

EOM  


NOTE 

Spare  Bits  4-7  =  CPU  can  read  or  write. 


INTERRUPT 

DEFINITION 

EOM 

End  of  message.  Set  by  BUS-66300  II  (during 
BC  or  RTU  mode)  every  time  a  1 553  message  is 
transferred  (regardless  of  validity). 

FORMAT  ERROR' 

Set  by  BUS-66300  II  for  these  conditions: 

STATUS  SET 

Loop  Test  Failure:  Last  transmitted  word  did 

not  match  received  word. 

Message  Error:  Received  message  contained 

an  address  error,  one  of  eight  1 553  status  bits 

set,  or  1 553  specification  violated  (parity  error, 

Manchester  error,  etc.}. 

Time-Out:  Expected  transmission  was  not 

received  during  allotted  time. 

Status  Set:  Received  status  word  contained 

status  bit(s)  set  or  address  error. 

BC  EOM 

Bus  Controller  End  of  Message.  Set  by  BUS- 
66300  II  (in  BC  mode)  when  all  messages  have 
been  transferred. 

FIGURE  1 1 . 1 553  INTERRUPT  SELECT  REGISTER 


1553  RT  ADDRESS  REGISTER.  An  internal  8  bit  read/write 
register  used  to  set  the  RT  address  and  to  enable  the  BUS-65522 
to  receive  information  transferred overthel  553  bus, see  figure13. 
The  bit  definitions  are  as  follows: 


15 


7  6 


5    4    3   2    1  0 

o 


RTU  ADDR  0  (LSB) 
RTU  ADDR  1 

■  RTU  ADDR  2 
>  RTU  ADDR  3 

■  RTU  ADDR  4 

•  RTU  ADDR  PARITY 

1  SPARES 


NAME 

DEFINITION 

RTU  ADDR 
PARITY 

RTU  ADDR  0-4 

Odd  parity  bit  associated  with  five  RTU  address  bits. 
BUS-65522  will  not  respond  to  1 553  commands  if  the 
parity  is  incorrectly  set.  Set  to  a  logic  "1 "  if  RTU 
Address  is  0,3, 5,  or  6. 
RTU  address  bits. 

FIGURE  13. 1553  RTU  ADDRESS  REGISTER 


1553  START/RESET  REGISTER.  A  write  only  two  bit  register 
used  to  enable  or  reset  the  terminal,  see  figure  12  The  bits  are 
defined  as: 

15  76543210 
I    I    I    I    I    I    I    I    I    I    I    I    I    I    1  11 
Unot  USED -J 


CONTROLLER  START 
RESET   

Bits  2-1 5  Don  t  Care 


NAME 

DEFINITION 

RESET 

CONTROLLER 
START 

Places  BUS-65522  in  the  power-up  condition; 
Configuration,  Start/Reset  Register,  and  Interrupt 
Mask  registers  are  reset  to  "0".  Does  not  affect  RTU 
Address  Register  or  the  contents  of  RAM.  It  is  rec- 
ommended that  this  command  be  issued  prior  to 
changing  the  operating  mode  (RT-BC,  BC-MT, 
etc.). 

Used  in  BC  mode  to  begin  transmission  of  the  desig- 
nated number  of  messages.  The  message  count 
must  have  been  previously  loaded  into  the  current 
area  message  count,  using  1  s  complement  notation. 
Also  used  in  MT  mode  to  begin  reception  of  1 553 
message  traffic.  (Yellow  LED  =  in  use.) 

FIGURE  12. 1553  START/RESET  REGISTER 


BC  MODE 

The  BC  mode  is  selected  by  setting  the  two  MSBs  of  the  Con- 
figuration Register  to  logic  "0".  The  BUS-65522  defaults  to  BC 
mode  upon  power  up  and  after  receipt  of  a  Reset  signal  from 
the  CPU. 


BC  INITIALIZATION.  For  BC  operation,  the  user  initializes  the 
RAM,  Stack  Pointers,  Descriptor  Stack  Entries,  and  Message 
Blocks.  See  table  4  for  a  sample  memory  map  and  follow  the 
steps  in  figure  14  (A),  (B),  and  (C). 


The  BUS-65522  uses  an  indirect  addressing  architecture  to  de- 
termine which  messages  to  send  over  the  1553  bus.  The  Stack 
Pointer  indicates  which  entry  in  the  Descriptor  Stack  to  use, 
while  the  fourth  word  in  the  Descriptor  Block  indicates  the  location 
of  the  1553  message  (see  figure  2). 


Two  Stack  Pointers  and  two  Descriptor  Stacks  are  provided  to 
allow  the  user  to  double  buffer  the  RAM.  All  transfers  to/from 
the  1 553  bus  are  made  using  the  "current"  Descriptor  Stack  and 
Stack  Pointer,  as  defined  by  the  user  through  bit  13  of  the  Con- 
figuration Register. 
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The  Descriptor  Stack  in  BC  mode  occupies  256  contiguous 
words.  It  may  be  located  anywhere  in  the  non-fixed  area  of  RAM 
as  long  as  it  begins  on  a  256  word  boundary  (i.  e.,  HEX  0000, 
0700,  1000,  XX00.  etc.).  Each  Descriptor  Block  is  four  words 
long;  the  fourth  word  of  each  block  is  loaded  by  the  user  with 
the  address  of  the  message  to  be  transferred  onto  the  1 553  bus. 

Each  data  block  should  be  formatted  as  shown  in  figure15.  The 
first  word  of  the  message  is  the  Control  Word  (see  figure  16). 
The  BUS-65522  uses  an  8  bit  counter  for  the  lower  byte  of  the 
internal  Address  Counter.  As  a  result,  the  data  block  may  be 
stored  anywhere  in  the  non-fixed  area  of  RAM.  so  long  as  the 
individual  data  block  does  not  cross  a  256  word  boundary.  For 
example,  a  data  block  should  not  begin  at  word  location  04FE  if 
the  user  plans  on  storing  more  than  two  words  in  the  block.  The 
first  word  will  be  stored  at  04FE,  the  second  at  04FF.  and  a  third 
word  would  be  stored  at  0400  as  a  result  of  the  lower  byte 
Address  Counter  overflowing. 

The  number  of  messages  to  be  transferred  must  be  stored  in 
the  current  area  Message  Counter  location  of  the  RAM  in  1s 
complement  (XXFE  =  1  message).  The  user  instructs  the  BUS- 
65522  to  begin  transferring  the  messages  by  setting  bit  1  of  the 
Start/Reset  Register  to  logic  "1 ".  The  BUS-65522  will  then  begin 
transferring  the  messages  in  the  order  in  which  their  starting 
addresses  were  placed  in  the  Descriptor  Stack  (see  figure  1 7 ). 


4.  Reads  the  Data  Block  Address  from  the  fourth  location  of  the 
Descriptor  Stack  and  transfers  the  Data  Block  Address  into 
an  internal  Address  Register. 

5.  Begins  transmission  of  the  message  onto  the  1553  bus. 

Note  that  data  words  are  transferred  to  and  from  memory  using 
the  internal  Address  Register. 


(     start  ) 


LOAD  CONFIGURATION 
REGISTER  (BC  MODEL 


I 


LOAD  STACK  POINTER. 


The  BUS-65522  can  be  instructed  to  end  1 553  bus  transactions 
if  any  message  does  not  transfer  successfully.  This  is  done  by 
setting  the  STOP-ON-ERROR  bit  in  the  Configuration  Register. 
An  ERROR  interrupt  will  be  generated  at  that  time  if  enabled  by 
the  user. 

If  desired,  a  BCEOM  interrupt  can  be  generated  to  notify  the 
CPU  that  the  BUS-65522  has  completed  the  transfer  of  the 
requested  number  of  messages.  The  CPU  can  also  request  that 
an  EOM  interrupt  be  generated  upon  completion  of  each  indi- 
vidual message. 

While  the  current  group  of  messages  is  being  processed,  the 
CPU  may  read  or  write  to  the  non-current  area  of  RAM  in  order 
to  set  up  the  next  group  of  messages,  or  to  examine  the  results 
of  the  previous  bus  transfers. 


LOAD  STARTING  ADDRESS  OF 
FIRST  MESSAGE  INTO  STACK. 


LOAD  STARTING  ADDRESS  OF 
SECOND  MESSAGE  INTO  STACK. 


LOAD  FIRST  MESSAGE 
INTO  MEMORY. 


LOAD  SECOND  MESSAGE 
INTO  MEMORY. 


Once  a  block  of  messages  has  been  completed,  the  user  may 
swap  the  current  and  non-current  areas  and  instruct  the  BUS- 
65522  to  execute  the  next  group  of  messages.  This  is  done  by 
toggling  bit  13  of  the  Configuration  Register  and  issuing  a  new 
BCSTART  command. 


LOAD  MESSAGE  COUNTER  WITH 
1  s  COMPLEMENT  OF  MESSAGE 
COUNT  =  FD  (HEX). 


LOAD  START/RESET  REGISTER 
WITH  THE  VALUE  02 


BC  SOM  SEQUENCE.  After  setting  the  CONTROLLER  START 
bit  in  the  Start/Reset  Register,  the  BUS-65522  takes  the  following 
actions: 


1 .  Uses  Stack  Pointer  to  get  the  address  of  the  current  Descriptor 
Stack  Entry. 

2.  Sets  SOM  flag  in  the  Block  Status  Word  to  indicate  a  transfer  FIGURE  14A. 
operation  in  progress.  BC  SET-UP  EXAMPLE  FOR 

3.  Stores  the  Time  Tag.  TWO  MESSAGE  TRANSFER 
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the  BUS-65522  takes  the  following  action: 


1 .  Reads  the  Stack  Pointer  to  get  the  address  of  the  current 
Descriptor  Stack  Entry. 

2.  Updates  the  Block  Status  Word  by  resetting  the  SOM  and 
setting  EOM  and  any  error  bits. 

3.  Updates  the  Time  Tag. 


-t.   II  IOI  CI  I  iCI  HO    LI  IC    Wl  I 


increments  the  Message  Counter  by  one. 

5.  Additional  messages  are  transmitted. 

6.  Generates  a  BCEOM  interrupt  if  enabled  and  no  further  mes- 
sages are  to  be  transmitted. 

Note  that  if  an  error  is  received  and  STOP  ON  ERROR  is  set, 
the  BUS-65522  stops  issuing  commands  over  the  1 553  bus.  The 
Stack  Pointer  will  point  to  the  next  message  to  be  transmitted. 


GIVEN: 

All  values  are  in  HEX. 

1 .  Stack  area  A  is  used  and  is  located  from  address  0000  to  address  01 FF. 

2.  Message  number  1  is  located  at  address  0280. 

3.  Message  number  2  is  located  at  address  0300. 


BYTE  ADDRESS 


CONTENTS 


—12 
0200 

Initialize  Configuration  Register 
Initialize  Stack  Pointer. 

WORD  0000 

0006 

Load  address  of  message  number  1  into  Slack. 

WORD  0140 

000E 

Load  address  of  message  number  2  into  Stack. 

WORD  01 80 

0280 

Load  Control  Word. 

WORD  0080 

0282 

Load  Command . 

WORD  0C21 

0300 

Load  Control  Word. 

WORD  0000 

0302 

Load  Command. 

WORD  1823 

0304 

Load  Data  Word  number  1 . 

WORD  1111 

0306 

Load  Data  Word  number  2. 

WORD  2222 

0308 

Load  Data  Word  number  3. 

WORD  3333 

0202 
—17 

Load  Message  Counter. 
Start  Transfer. 

WORD00FD 
BYTE  02 

FIGURE  14B.  BC  SET-UP  WRITTEN  IN  BASIC 


(CPU 

ADDRESS) 


0000-0001 


0006-0007 


OOOE-0007 

0200-0201 
0202-0203 

0280-0281 


0300-0301 


01 

40 

01 

80 

00 

00 

00 

FP 

00 

80 

oc 

21 

* 

* 

* 

00 

00 

18 

23 

11 

11 

22 

22 

33 

33 

* 

* 

* 

* 

*Lefl  empty  for  RTU's  response  &  LOOP  WORD. 


FIGURE  14C. 
BC  SET-UP  MEMORY  MAP 
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CONTROL 
WORD 


BROADCAST 
COMMAND 
(NO  DATA) 


CONTROL 
WORD 


RECEIVE 
COMMAND 


CONTROL 
WORD 


TRANSMIT 
COMMAND 


CONTROL 
WORD 


RECEIVE 
COMMAND 


CONTROL 
WORD 


MODE 
COMMAND 


CONTROL 
WORD 


MODE 
COMMAND 


CONTROL 
WORD 


MODE 
COMMAND 


CONTROL 
WORD 


BROADCAST 
COMMAND 


BROADCAST 
COMMAND 
LOOPED  BACK 
BYBUS-66300II 


DATAWORD 

1 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BY  BUS-66300  II1 


TRANSMIT 
COMMAND 


MODE 
COMMAND 
LOOPED  BACK 
BY  BUS-66300 


MODE 
COMMAND 
LOOPED BACK 
BY 


DATA 
WORD  1 


BROADCAST 
COMMAND 
(NO  DATA) 


DATAWORD 

2 


STATUS 
RECEIVED 


TRANSMIT 
COMMAND 
LOOPED  BACK 
BYBUS«300 


DATA  WORD 
LOOPED  BACK 
BYBUS«300II 


STATUS 
WORD 


STATUS 
WORD 


DATA 
WORD  2 


DATAWORD 
LAST 


DATAWORD 
1 


STATUS 
WORD  1 
FROM 
XMTR 


STATUS 
WORD 


DATAWORD 
RECEIVED 


MODE  CODE 
WITHOUT  DATA 


DATA 
WORD  LAST 


DATA  WORD 

LAST 
LOOPED  BACK 
BYBUS<6300  II 


DATAWORD 

2 


DATAWORD 
WORD  1 
RECEIVED 


MODE  CODE 
WITH  DATA. 
RECEIVE  DATA 
BLOCK 
FORMAT 


MODE  CODE 
WITH  OATA. 
TRANSMIT  DATA 
BLOCK 
FORMAT 


DATA  WORD 
LOOPED  BACK 
BYBU&66300II 


STATUS 
RECEIVED 


DATAWORD 
LAST 


DATAWORD 
WORD  2 
RECEIVED 


BROADCAST 
COMMAND 
WITH  DATA 


RECEIVE 
DATA  BLOCK 


TRANSMIT 
DATA  BLOCK 


LAST  DATA 

WORD 
RECEIVED 


STATUS 
WORD  2 
FROM 
RECEIVER 


REMOTE  TERMINAL  TO  REMOTE  TERMINAL 
DATA  BLOCK 

FIGURE  15.  BC  DATA  BLOCK  FORMATS 


15  76543210 

I, I     I     I     I     I     I     I, I,  I,  1,1,1,1,1,1,1 

I  NOT  USED  1 

BUS  CHANNEL  A/B  < 

SELF  TEST  1 

MASK  BROADCAST  

NOT  USED   LJ 

MODE  CODE-  1 

BROADCAST  1 

RT-RT  


Note: 

1    MASK  BROADCAST  XOR  BROADCAST  BIT  in  Status  Word  = 

STATUS  SET  ERROR. 
2.  When  the  BC  expects  the  BROADCAST  bit  set  in  the  Status  Word, 

a  logic  1  will  mask  the  Status  Interrupt  Error  flag. 


FIGURE  16.  BC  CONTROL  WORD 


BIT  NAME 

DEFINITION 

BUS  CHANNELA/B 

INITIATE  OFF-LINE 
SELF  TEST 

MASK 

BROADCAST  (1) 

MODE  CODE 
BROADCAST 
RT-RT 

Determines  whether  the  message  will  be  trans- 
mitted on  1 553  Bus  A  or  Bus  B. 
Logic  1  =A,logicO  =  B 
Logic  1  performs  internal  off-line  transmit/ 
receive  test.  The  last  word  of  the  message  is 
looped  back  through  the  decoder  and  placed  in 
RAM.  See  Self  Test  paragraph. 
When  logic  1 ,  prevents  Broadcast  RCVD  bit  of 
the  1 553  Status  Word  response  from  signalling 
a  status  error  as  a  result  of  a  Broadcast  com- 
mand. (A  FORMAT  error  will  be  generated  if  the 
BROADCAST  bit  is  not  set  on  the  RTU's  Status 
Word.) 

When  logic  1 ,  the  message  is  treated  as  a  Mode 

Code.  (The  Command  Word- Word  Count  field 

indicates  Mode  Code  type. ) 

When  logic  1 ,  indicates  that  the  message  is  a 

Broadcast  Command.  (No  Status  Word  is 

expected.) 

When  logic  1 ,  the  message  is  treated  as  an  RT- 
RT  transfer.  (The  next  two  words  are  Command 
Words.)  Both  Status  Word  responses  are 
validated. 
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TABLE  4.  TYPICAL  RAM  ALLOCATION  IN  BC  MODE 

ADDRESS 

USE 

DESCRIPTION 

0000-0001 
01FE-01FF 

Descriptor  Stack  A 

256  Words 

0200-0201 

0202-0203 

0204-0205 

0206-0207 

0208-0209 

020A-020B 

020C-020D 

020E-020F 

Stack  Pointer  A 
Message  Counter  A* 
Reserved 
Reserved 
Stack  Pointer  B 
Message  Counter  B* 
Reserved 
Reserved 

Fixed  Are. 

1  of  RAM 

1 

0210-0211 
027E-027F 

■■■ii 

Not  used  in  this  example. 

0280-0281 
0300-0301 
0380-0381 
0400-0401 
0480-0481 

1 D80-1 D81 

Data  Block  1 
Data  Block  2 
Data  Block  3 
Data  Block  4 
Data  Block  5 

Data  Block  55 

64  Words  each  in  this 
example. 

3EO0-3E01 
3FFE-3FFF 

Descriptor  Stack  B 

256  Words 

'Message  Counters  A  and  B  are  one  byte  each. 

r 


DESCRIPTOR/ 
STACK  \ 


ADDRESS  OF  MSG#1 


ADDRESS  OF  MSG  #2 


DATA  BLOCK- 
CONTAINING 
MSG  #2 


DATA  BLOCK- 
CONTAINING 
MSG#1 


^DESCRIPTOR 
BLOCK 


^  DESCRIPTOR 
BLOCK 


•DATA  BLOCKS  NEED  NOT  BE  CONTINUOUS  AND  MAY  BE  OF  WHATEVER 
LENGTH  IS  SUFFICIENT  TO  HOLD  THE  PARTICULAR  MESSAGE 

FIGURE  17.  ORDERING  MESSAGES  IN  BC  MODE 


c 


CONTROLLER  START 
COMMAND  ISSUED. 


USE  STACK  POINTER  TO 
RETRIEVE  ADDRESS  OF 
DESCRIPTOR  STACK  ENTRY. 


SET  SOM  FLAG  IN  BLOCK 
STATUS  WORD  OF  DESCRIPTOR 
STACK  ENTRY.  LOAD  TIME  TAG. 


GET  ADDRESS  OF  DATA  BLOCK 
FROM  FOURTH  WORD  OF 
DESCRIPTOR  STACK  ENTRY. 


TRANSFER  DATA  BLOCK 
TO/FROM  1553  DATA  BUS. 


DECREMENT  NUMBER  OF 
BLOCKS  TO  TRANSFER. 


SET  EOM  BIT,  RESET  SOM  BIT 
IN  BLOCK  STATUS  WORD, 
UPDATE  TIME  TAG. 


INCREMENT  STACK 
POINTER  BY  FOUR. 


SET  ERROR  FLAG(S)  IN 
BLOCK  STATUS  WORD. 
GENERATE  INTERRUPT  TO 
CPU,  IF  ENABLED 


SET  BCEOM  STATUS  BIT. 
GENERATE  INTERRUPT 
IF  ENABLED 


FIGURE  18.  BC  SEQUENCE  OF  OPERATION 
(UNDER  BUS-65522  CONTROL) 
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RTU  MODE 

The  RTU  mode  is  selected  by  issuing  a  RESET  command  and 
setting  bits  1 5  and  1 4  of  the  1 553  Configuration  Register  to  logic 
"1 "  and  "0".  respectively.  The  RTU  Address  of  the  BUS-65522  is 
defined  by  loading  the  desired  value  into  the  RTU  Address  Regis- 
ter. Note  that  bit  5  of  the  RTU  Address  Register  must  be  pro- 
grammed to  implement  odd  parity. 


RTU  INITIALIZATION.  For  RTU  operation,  the  user  initializes 
the  RAM,  Stack  Pointer,  Look-Up  Tables,  and  data  to  be  trans- 
mitted to  the  BC.  Table  5  lists  a  sample  memory  map  for  the 
RTU  mode.  The  user  follows  the  steps  shown  in  Figure  1 9,  RTU 
Initialization. 


RTU  SOM  SEQUENCE.  When  a  1553  command  is  received, 
the  BUS-65522  saves  the  command  received  in  an  internal  reg- 
ister. Figure  22  illustrates  the  RTU  Sequence  of  Operation  once 
a  1553  command  word  is  received.  Once  the  command  word  is 
received,  the  BUS-65522  performs  the  following  steps: 


1 .  Reads  the  Stack  Pointer  to  get  the  address  of  the  current 
Descriptor  Stack  Entry. 

2.  Stores  an  SOM  flag  in  the  Block  Status  Word  to  indicate  a 
transfer  operation  in  progress. 

3.  Stores  the  Time  Tag. 

4.  Stores  the  Command  Word  received. 

5.  Reads  a  Block  address  from  the  Look-Up  Table  using  the  T/R 
bit  and  the  subaddress  from  the  Command  Word;  transfers 
the  Block  address  into  an  internal  address  register. 


The  BUS-65522  uses  an  indirect  addressing  architecture  to  de- 
termine where  to  store  or  retrieve  the  data  required  to  service 
the  commands  received  from  the  BC.  The  Stack  Pointer  indicates 
which  block  in  the  Descriptor  Stack  to  use.  The  fourth  word  of 
the  Descriptor  Stack  is  used  to  store  the  received  command 
word. 

The  T/R  bit  and  the  subaddress  field  of  the  command  word  will 
then  be  used  to  generate  a  pointer  into  the  Look-Up  Table,  which 
contains  the  starting  address  of  the  data  block  to  be  used  for 
transmitting  or  receiving  information  for  the  particular  subaddress. 

Two  Stack  Pointers,  two  Descriptor  Stacks,  and  two  Look-Up 
Tables  are  provided  to  allow  the  user  to  double  buffer  the  RAM. 
All  transfers  to  and  from  the  1 553  Bus  are  made  using  the  current 
Stack  and  Look-Up  Tables  as  defined  by  the  user  through  bit 
13  of  the  Configuration  Register. 

The  Stack  Pointer  should  be  initialized  by  the  CPU  with  the 
starting  address  of  the  Descriptor  Stack.  This  pointer  must  con- 
tain a  word  address  (i.e..  if  the  Stack  is  to  begin  at  HEX  (0400),  the 
Stack  Pointer  should  be  initialized  to  0200). 

In  the  RTU  mode,  the  Descriptor  Stack  occupies  256  contiguous 
words.  It  may  be  located  anywhere  in  the  non-fixed  area  of  RAM, 
beginning  a  256  word  boundary  (i.e.,  HEX  0000,  0700,  1000, 
XX00,  etc.). 

The  Look-Up  Table  is  loaded  by  the  user  with  the  addresses  of 
the  data  blocks  to  be  used  for  receiving  or  transmitting  data  from 
the  particular  subaddress.  The  first  32  words  of  each  Look-Up 
Table  should  contain  the  word  address  of  the  data  blocks  to  be 
used  when  receiving  data.  The  next  32  words  should  contain 
the  address  to  be  used  when  transmitting  data  from  the  various 
subaddresses. 

The  Look-Up  Table  is  sequentially  ordered  so  that  the  first  loca- 
tion refers  toJ/R  =  0.  Subaddress  =  00000.  The  second  location 
refers  to  T/R  =  0  and  Subaddress  =_00001.  The  last  location 
within  the  Look-Up  Table  refers  to  T/R  =  1  and  Subaddress  = 
11111  (see  figures  20  and  21 ). 


RTU  EOM  SEQUENCE.  At  the  end  of  a  1553  message  (valid 
or  invalid),  the  BUS-65522  performs  the  following  steps: 


1 .  Updates  the  Block  Status  Word  by  resetting  the  SOM  and 
setting  the  EOM  and  any  error  bits. 

2.  Updates  the  Time  Tag. 

3.  Increments  the  Stack  Pointer  by  four. 

4.  Generates  an  Interrupt  if  enabled. 


(LOAD  CONFIGURATION 
REGISTER  (RTU  MODE) 


LOAD  STACK  POINTER 

INITIALIZE  LOOK-UP  TABLE 
WITH  STARTING  WORD  ADDRESS 
OF  DATA  BLOCKS 

LOAD  "TRANSMIT  DATA  BLOCKS" 
(IF  APPLICABLE) 

FIGURE  19.  RTU  INITIALIZATION 
(UNDER  USER  CONTROL) 
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TABLE  5.  TYPICAL  RAM  ALLOCATION  IN  RTU  MODE 

WORD 
ADDRESS 

USE 

DESCRIPTION 

nnnn.nnm 

UUUU  UUU  1 

01FE-01FF 

Descriptor  Stack  A 

256  Words 

0200-0201 

0202-0203 

0204-0205 

0206-0207 

0208-0209 

020A-020B 

020C-020D 

020E-020F 

Stack  Pointer  A 

Reserved 

Reserved 

Reserved 

Stack  Pointer  B 

Reserved 

Reserved 

Reserved 

Fixed  Are 

!0f  RAM 

0210-0211 
027E-027F 

ill!!! 

Unused  in  this  example. 

0280-0281 
02FE-02FF 

Look-Up  Table  A 

Fixed  Area  of  RAM 

1 

TABLE  5.  TYPICAL  RAM  ALLOCATION  IN  RTU  MODE  (Cont'd) 

WORD 
ADDRESS 

USE 

DESCRIPTION 

0300-0301 
03FE-033F 
0340-0341 
037E-037F 

Data  Block  1 
Data  Block  2 

32  Words  in  this  example. 

0380-0381 
03FE-03FF 

Look-Up  Table  B 

t 

Fixed  Area  of  RAM 

0400-0401 

1EC0-1EC1 
1EE0-1EEF 

Data  Block  3 
Data  Block  97 

2F00-2F01 
2FFE-2FFF 

Descriptor  Stack  B 

256  Words 

COMMAND  WORD  RECEIVED 


RTADR 

T/R 

SUBADDR 

WORD  COUNT 

LOOK-UP  POINTER 


Subaddress 


Base  Address  (A  or  B) 

X 

xxxxx 

0 

0 

00000 

0 

0 

11111 

0 

1 

00000 

0 

1 

11111 

0 

LOOK-UP  TABLE 


Mode  Code  Subaddress  0 

WORD0 

Data  Block  Subaddress  1 

WORD  1 

Mode  Code  Subaddress  31 

WORD  31 

Mode  Code  Subaddress  0 

WORD  32 

Data  Block  Subaddress  1 

WORD  33 

Mode  Code  Subaddress  31 

WORD  63 

FIGURE  20.  LOOK-UP  TABLE  SET-UP 


|  0  |  0  |  0  |  0  |  0  |  0  |  0  |  1  |    |  1  |    |    |  ITT1 

'  1  SUBADDR 

'  T/R 

1  LOGIC  "1 " 

'  CURRENT  AREA 

SELECTED  B/A 

I  LOGIC  "1" 

1  LOGIC  "0" 

FIGURE  21.  LOOK-UP  TABLE  POINTER 


MT  MODE 

The  MT  mode  is  selected  by  setting  bit  1 5  of  the  Configuration 
Register  to  logic  "0  and  bit  1 4  to  a  logic  "1 ", 

MT  INITIALIZATION.  For  MT  operation,  the  user  initializes  the 
RAM  as  shown  in  table  6  and  follows  the  steps  shown  in  figure  23 
MT  Initialization. 

The  entire  RAM  is  used  as  the  MT  stack.  The  user  instructs  the 
BUS-65522  where  to  store  the  first  Identification  Word  by  loading 
the  starting  word  address  in  word  100  HEX  of  RAM. 
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c 


1553  COMMAND 
RECEIVED 


3 


USE  POINTER  TO  RETRIEVE 
ADDRESS  OF  DESCRIPTOR 
STACK  ENTRY 


PLACE  COMMAND  IN  THE 
FOURTH  WORD  OF  DESCRIPTOR 
BLOCK  ENTRY.  SET  SOM  BIT  IN 
BLOCK  STATUS  WORD. 
LOAD  TIME  TAG. 


USE  T'R  BIT  AND  SUBADDRESS 
TO  GET  ADDRESS  OF 
DATA  BLOCK 


TRANSFER  DATA  TO/FROM 
DATA  BLOCK 


SET  STATUS  BITS.  GENERATE 
ERROR  INTERRUPT  IF  ENABLED 


RESET  SOM.  SET  EOM  BIT  IN 
BLOCK  STATUS  WORD.  LOAD 
TIME  TAG  WITH  NEW  VALUE. 
GENERATE  EOM  INTERRUPT 
IF  ENABLED 


INCREMENT  STACK  POINTER 
BY  FOUR 


c 


FIGURE  22.  RTU  SEQUENCE  OF  OPERATION 
(UNDER  BUS-65522  CONTROL) 

To  initiate  reception  of  the  1553  bus  traffic,  the  user  issues  a 
CONTROLLER  START  command  by  setting  bit  1  of  the  Start/ 
Reset  Register  to  a  logic  "1".  This  causes  the  BUS-65522  to 
load  the  contents  of  either  Stack  Pointer  A  or  B  (as  selected  by 
the  Configuration  Register)  into  an  internal  address  register. 
Once  a  word  is  received  from  the  1553  bus,  the  BUS-65522 
stores  this  word  at  the  address  indicated  by  the  internal  address 
register.  The  contents  of  this  register  are  then  incremented  by 
two  to  point  to  the  next  word  in  RAM. 

The  BUS-65522  generates  an  Identification  Word  for  the  re- 
ceived word  and  stores  it  in  the  RAM  location  indicated  by  the 
internal  address  register.  The  Address  Register  is  again  in- 


cremented, in  preparation  for  storing  the  next  1553  word.  The 
RAM  automatically  wraps  around  from  2FFE-2FFF. 

The  Identification  Word  is  generated  by  the  BUS-65522  in  order 
to  provide  the  CPU  with  additional  information  regarding  the 
received  1553  word  (see  figure  24). 

The  CPU  can  read  the  1553  time  tag/word  count  register  to 
determine  the  number  of  data  words  and  identification  words 
received. 


TABLE  6.  TYPICAL  RAM  ALLOCATION  IN  MT  MODE 

WORD 
ADDRESS 

DESCRIPTION 

0000-0001 

First  Received  1 553  Word 

0002-0003 

First  Identification 

0004-0005 

Second  Received  Word 

0006-0007 

Second  Identification 

3FFE-3FFF 

Word  stored  at  3FFE-3FFF  followed  by  word  stored 
at  0000. 

0200-0201 

Stack  Pointer"  A  (Fixed  area  of  RAM) 

0208-0209 

Stack  Pointer'  B  (Fixed  area  of  RAM) 

•Stack  Points 
command.  I 

rs  are  read  by  the  BUS-65522  upon  executing  a  BCSTART 
is  overwritten  by  data  in  the  course  of  acting  as  a  MT. 

DEFINE  BEGINNING  ADDRESS 
OF  STACK 


3 


SELECT  MT  MODE 


ISSUE  BC  START  COMMAND 


FIGURE  23.  MT  INITIALIZATION  (UNDER  USER  CONTROL) 
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I     I    I     I     I     I     I     I     I     I     I     I     I     I     I  I 
|  GAP  TIME  1 


LOGIC  "1 "  

NON-MATCHING  ADDRESS  . 
NON-BROADCAST  


ERROR  (1  =  ERROR.  0  =  GOOD  STATUS)- 

COMMAND  SYNC  

1553  CHANNEL  A/B  

CONTIGUOUS  DATA  

NON-MODE  CODE  


Note:  Each  bit  of  the  GAP  TIME  field  represents  0.5  /is. 
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UAUC 
PIAMc 

Utrlrll  1 IUWO 

BITO 

Non-Mode  Code  -  Set  to  logic  1  if  preceding 
1 553  word  was  a  valid  word,  contained  a 
command  sync,  and  the  subaddress  field  was 
any  value  other  than  00000  or  1 1 1 1 1 .  Set 
to  0  otherwise. 

BIT  1 

Contiguous  Data  -  Logic  "1"  indicates  that  data 
received  is  contiguous  and  therefore  associated 
with  a  message  being  received.  Logic  "0"  =  gap. 

BIT  2 

1 553  Channel  A/B  -  indicates  which  Bus  the 
data  was  received  on. 

BIT  3 

Command  Sync  -  this  will  differentiate  data  from 

that  of  Command/Status  sync  types. 

Logic  "1"  =  Command  Sync;  "0"  =  Data  Sync 

BIT  4 

ERROR  -  this  bit  will  be  a  logic  1  for  an  Error  or  0 
for  a  valid  word  received. 

BIT  5 

Non-Broadcast  -  Set  to  logic  T  if  associated 
1 553  word  was  a  valid  word,  contained  a 
command  sync,  and  the  b  Mbb  s  (the  H  1  U 
address)  was  any  value  other  than  11111.  Set  to 
0  otherwise. 

BIT  6 

THIS  RT  -  Set  to  a  logic  0'  if  the 

associated  1 553  word  was  a  valid  word,  received 

with  a  command  sync  and  the  5  MSB's  (the  RTU 

address)  match  the  RTU  address  defined  for  the 

device. 

BIT  7 

logic  '1 ' 

BIT  8-1 5 

Gap  time  -  Bit  1 5  (MSB)  indicates  the  amount  of 
gap  time  should  Bit  1  indicate  non  contiguous 
data.  Resolution  is  0.5u.sper  LSB. 

FIGURE  24.  MT  IDENTIFICATION  WORD 


c 


BC  START  COMMAND 
ISSUED 


GET  STACK  POINTER 
FROM  WORD  100  IN  RAM. 
STORE  IN  INTERNAL 
ADDRESS  REGISTER. 


STORE  1553  WORD  IN  RAM. 
INCREMENT  INTERNAL 
ADDRESS  REGISTER  BY  TWO. 


GENERATE  IDENTIFICATION 
WORD.  STORE  IN  RAM, 
INCREMENT  INTERNAL 
ADDRESS  REGISTER  BY  TWO. 


FIGURE  25.  MT  SEQUENCE  OF  OPERATION 
(UNDER  BUS-65522  CONTROL) 


MODE  CODES 

The  BUS-65522  supports  all  1553B  mode  codes  for  dual  redun- 
dant systems.  Note  that  a  Reset  mode  code  command  does  not 
have  the  same  effect  as  issuing  a  RESET  command  (setting  bit  1 
of  the  Start/Reset  Register).  A  mode  code  Reset  command  will 
override  the  Inhibit  TF  Flag,  override  the  Transmitter  Shutdown 
condition,  and  reset  the  Time  Tag  Register  if  instructed  to  do  so 
through  the  user  programmable  PROM. 
A  mode  code  with  an  associated  data  word  and  a  T/R  bit  set  to 
"0"  is  handled  the  same  as  a  receive  operation.  In  the  RTU 
mode,  the  T/R  bit  and  the  subaddress  field  are  used  as  pointers 
into  the  Look-Up  Table.  Thus,  the  1st  and  31st  entries  of  the 
Look-Up  Table  should  contain  the  address  of  the  word  in  RAM 
to  be  used  for  receiving  data  associated  with  the  Synchronize 
with  Data  mode  code  command.  Note  that  these  entries  corres- 
pond to  a  T/R  bit  equal  to  "0"  and  a  subaddress  field  of  00000 
or  1 1 1 1 1 . 

The  mode  code  command  Transmit  Vector  word  is  handled  in 
a  similar  manner.  Look-Up  Table  entries  32  and  63  (T/R  bit  =  1 
and  a  subaddress  field  of  00000  or  11111)  should  point  to  the 
location  in  RAM  containing  the  user  defined  Vector  Word. 

The  BUS-65522  maintains  separate  registers  containing  the  last 
received  Command  Word  and  Status  Word,  along  with  the  BIT 
Word.  It  will  automatically  transmit  these  words  to  the  BC  when 
it  receives  a  mode  code  command  instructing  it  to  do  so. 


The  BUS-65522  responds  to  reserved  or  illegalized  mode  code 
commands  if  implemented  by  setting  the  Message  Error  bit  in 
its  1 553  Status  Word.  If  the  command  had  been  issued  as  a 
non-broadcast  command,  the  Status  Word  will  be  transmitted 
to  the  BC.  For  a  complete  description  of  the  BUS-65522  s  re- 
sponse to  various  mode  code  commands,  see  tables  7  and  8. 


TABLE  7.  MODE  CODE  FUNCTIONS 
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Dynamic  Bus  Control 
Synchronize 
Transmit  Status  Word 
Initiate  Self  Test 
Transmitter  Shutdown 
Override  Transmitter 

Shutdown 
Inhibit  Terminal  Flag 
Override  Inhibit 

Terminal  Flag 
Reset  Remote  Terminal 
Transmit  Vector  Word 
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Transmit  Last  Command 

Transmit  Bit  Word 

No 
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No 
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No 

No 
No 

No 
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TABLE  8.  MODE  CODES  

DYNAMIC  BUS  CONTROL  (00000) 

MESSAGE  SEQUENCE  =  DBC  *  STATUS   

The  BUS-65522  responds  with  status.  If  the  subsystem  wants  control  of  the  bus,  it  must  set  DBACC  within  2.5mS  after  NBGRT. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


SYNCHRONIZE  WITHOUT  DATA  WORD  (00001) 
MESSAGE  SEQUENCE  =  SYNC  *  STATUS 

The  BUS-65522  responds  with  status.  If  sent  as  a  broadcast,  the  broadcast  receive  bit  will  be  set  and  status  response  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

TRANSMIT  STATUS  WORD  (00010) 

MESSAGE  SEQUENCE  =  TRANSMIT  STATUS  *  STATUS 

The  status  and  BIT  word  registers  are  not  altered  by  this  command  and  contain  the  resulting  status  from  the  previous  command. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW).  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 

INITIATE  SELF-TEST  (00011) 

MESSAGE  SEQUENCE  =  SELF-TEST  *  STATUS 

The  BUS-65522  responds  with  a  status  word.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status 
transmission  suppressed.  Short-loop  test  is  initiated  on  the  status  word  transmitted.  If  the  test  fails,  an  RT  fail  flag  is  generated. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error 

(BIT  Word). 

5.  Faulty  Test.  Bits  set:  terminal  flag  (SW),  A/B  Loop  Test  Fail,  Current  1553  Bus  (A  or  B)  Loop  Test  Fail  (BIT  Word). 


TRANSMITTER  SHUTDOWN  (00100) 

MESSAGE  SEQUENCE  =  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-65522  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65522  inhibits  any  further  transmission  from  the  dual  redundant  channel.  Once  shutdown,  the  transmitter 
can  only  be  reactivated  by  Override  Transmitter  Shutdown  or  RESET  RT  commands. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW).  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 
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OVERRIDE  TRANSMITTER  SHUTDOWN  (00101) 

MESSAGE  SEQUENCE  =  OVERRIDE  SHUTDOWN  *  STATUS 

This  command  is  only  used  with  dual  redundant  bus  systems.  The  BUS-65522  responds  with  status.  At  the  end  of  the  status 
transmission,  the  BUS-65522  re-enables  the  transmitter  of  the  redundant  bus.  If  the  command  was  broadcast,  the  broadcast 
received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error  (BIT  Word). 


INHIBIT  TERMINAL  FLAG  BIT  (00110) 

MESSAGE  SEQUENCE  =  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  BUS-65522  responds  with  status  and  inhibits  further  internal  or  external  setting  of  the  terminal  flag  bit  in  the  status  register. 
Once  the  terminal  flag  has  been  inhibited,  it  can  only  be  reactivated  by  an  Override  Inhibit  Terminal  Flag  or  Reset  RT  command. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


OVERRIDE  INHIBIT  TERMINAL  FLAG  BIT  (00111) 

MESSAGE  SEQUENCE  =  OVERRIDE  INHIBIT  TERMINAL  FLAG  *  STATUS 

The  RTU  responds  with  status  and  reactivates  the  terminal  flag  bit  in  the  status  register.  If  the  command  was  broadcast,  the 
broadcast  received  bit  is  set  and  status  transmission  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word). 


RESET  REMOTE  TERMINAL  (01000) 

MESSAGE  SEQUENCE  =  RESET  REMOTE  TERMINAL  *  STATUS 

The  BUS-65522  responds  with  status  and  internally  resets.  Transmitter  shutdown,  BIT  word,  mode  commands,  and  inhibit  terminal 
flag  commands  will  be  reset.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  the  status  word  is  suppressed. 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  T/R  Error  (BIT  Word) . 


RESERVED  MODE  CODES  (01001-01111) 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODES  *  STATUS 

The  BUS-65522  responds  with  status.  If  the  command  is  illegalized  through  an  optional  PROM,  the  message  error  bit  is  set  and 
only  the  status  word  is  transmitted. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode 
Code  (BIT  Word). 
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TABLE  8.  MODE  CODES  (CONT'D) 


TRANSMIT  VECTOR  WORD  (10000) 

MESSAGE  SEQUENCE  =  TRANSMIT  VECTOR  WORD  *  STATUS  VECTOR  WORD 

The  BUS-65522  transmits  a  status  word  followed  by  a  vector  word.  The  contents  of  the  vector  word  (from  the  subsystem)  are 
enabled  onto  DB0-DB15  with  BUSREQ  after  the  command  transfer  (same  as  data  word  in  a  normal  transmit  command). 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW).  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code, 
T/R  Error,  Low  Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code,  (BIT  Word). 
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SYNCHRONIZE  WITH  DATA  WORD  (10001) 
MESSAGE  SEQUENCE  =  SYNCHRONIZE  DATA  WORD  *  STATUS 

The  data  word  received  following  the  command  word  is  transferred  to  the  subsystem.  The  status  register  is  then  enabled  and 
its  contents  transferred  onto  the  data  bus  and  transmitted.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and 
status  transmission  is  suppressed. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count  (BIT  Word). 

4.  Command  T/RbitSetto  One.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received 
(SW),  High  Word  Count,  T/R  Error  (BIT  Word). 


TRANSMIT  LAST  COMMAND  (10010) 

MESSAGE  SEQUENCE  m  TRANSMIT  LAST  COMMAND  *  STATUS  LAST  COMMAND 

The  status  and  BIT  word  registers  are  not  altered  by  this  command.  The  SW  contains  the  status  from  the  previous  command. 
The  data  word  transmitted  contains  the  previous  valid  command  (providing  it  was  not  another  TRANSMIT  LAST  COMMAND). 
ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


TRANSMIT  BIT  WORD  (10011) 

MESSAGE  SEQUENCE  =  TRANSMIT  BIT  WORD  *  STATUS  BIT  WORD   

The  BUS-65522  responds  with  status  followed  by  the  BIT  word.  When  activated,  BITEN  allows  the  subsystem  to  latch  the  BIT 
word  on  the  parallel  data  bus.  The  BIT  word  is  not  altered  by  this  command;  however,  the  next  SW  will  reflect  errors  in  this 
transmission. 

ERROR  CONDITIONS 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bit  set:  message  error  (SW). 

3.  T/R  bit  Set  to  Zero.  No  status  response.  Bits  set:  message  error  (SW),  T/R  Error,  Low  Word  Count  (BIT  Word). 

4.  Zero  T/R  bit  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  T/R  Error,  Low 
Word  Count  (BIT  Word). 

5.  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW),  Illegal  Mode  Code  (BIT  Word). 


*  =  Status  response  time 


VII-207 


IL.C  DATA  DEVICI 
CORPORATION  . 


BUS-65522  AND  BUS-65523 


TABLE  8.  MODE  CODES  (CONT'D) 


SELECTED  TRANSMITTER  SHUTDOWN  (10100) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  is  transferred  to  the  subsystem  and  status  is  transmitted.  No  other  action  is  taken  by  the  BUS-65522. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed.  Intended  for  use  with  RTs 
with  more  than  one  dual  redundant  channel. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode 
Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/RbitSetto  One.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 


OVERRIDE  SELECTED  TRANSMITTER  SHUTDOWN  (10101) 

MESSAGE  SEQUENCE  =  TRANSMITTER  SHUTDOWN  DATA  *  STATUS 

The  data  word  received  after  the  command  word  is  transferred  to  the  subsystem.  No  other  action  is  taken  by  the  BUS-65522. 
If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission  suppressed. 
ERROR  CONDITIONS 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Not  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 

4.  Command  T/Rbit  Set  to  One.  No  status  response.  Bits  set:  message  error  (SW),  Illegal  Mode  Code,  High  Word  Count  (BIT  Word). 

5.  Command  T/R  bit  Set  to  One  and  Broadcast  Address.  No  status  response.  Bits  set:  message  error,  broadcast  received  (SW), 
Illegal  Mode  Code,  High  Word  Count,  T/R  Error  (BIT  Word). 


RESERVED  MODE  CODES 

MESSAGE  SEQUENCE  =  RESERVED  MODE  CODE  (T/R  =  1)  *  STATUS 
RESERVED  MODE  CODE  (T/R  =  0)  *  STATUS 

The  BUS-65522  responds  with  status.  If  the  command  was  broadcast,  the  broadcast  received  bit  is  set  and  status  transmission 
suppressed. 

ERROR  CONDITIONS  (T/R  =  1) 

1.  Invalid  Command.  No  response,  command  ignored. 

2.  Command  Followed  by  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal  Mode  Code 
(BIT  Word). 

ERROR  CONDITIONS  (T/R  =  0) 

1 .  Invalid  Command.  No  response,  command  ignored. 

2.  Command  not  Followed  by  Contiguous  Data  Word.  No  status  response.  Bits  set:  message  error  (SW),  Low  Word  Count, 
Illegal  Mode  Code  (BIT  Word). 

3.  Command  Followed  by  too  many  Data  Words.  No  status  response.  Bits  set:  message  error  (SW),  High  Word  Count,  Illegal 
Mode  Code  (BIT  Word). 
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SELF  TEST 

The  BUS-65522  performs  an  automatic  self  test  each  time  a  1 553 
message  is  processed.  The  last  word  transferred  onto  the  1553 
bus  for  each  message  is  "looped  back'  from  the  transmitter  to 
receiver.  An  on-line  comparison  of  the  transmitted  word  and  the 
received  looped  back  word  is  then  performed.  If  a  discrepancy  is 
detected,  the  Error  bit  in  the  Block  Status  Word  is  set,  the  Termi- 
nal Flag  bit  is  set  in  the  1 553  Status  Word,  and  an  error  interrupt  is 
generated  to  the  CPU,  if  enabled. 

In  the  BC  mode,  the  looped  back  word  is  placed  in  the  next 
sequential  location  of  the  message  block  in  the  on-board  RAM, 
where  it  is  available  for  the  CPU  to  inspect.  See  the  data  formats 
in  figure  15  for  specific  1553  message  types. 
The  BUS-65522  maintains  a  separate  BIT  (Built-in-Test)  register 
which  contains  information  regarding  the  last  message  transfer 
(see  figure  26).  In  RTU  mode,  the  contents  of  this  register  are 
automatically  passed  to  the  BC  in  response  to  a  Transmit  BIT 
Word  mode  code  command. 

The  Initiated  [off-line]  self-test  can  be  executed  only  when  the 
BUS-65522  is  configured  as  a  Bus  Controller.  Set  the  Wrap- 
Around  Test  bit  within  the  BC  Control  Word  (logic  1  )  and  initiate 
any  standard  message  transfer.  This  inhibits  the  1553  transceiv- 
ers and  initiates  the  wrap-around  test  (i.e.,  internal  1 553  encoder 
output  is  fed  back  into  the  decoder  -  the  word  is  then  written  into 
memory).  See  BC  Operation  and  Figure  14,  BC  Control  Word  for 
more  detail. 
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FIGURE  26.  BUILT-IN-TEST  (BIT)  WORD 


BUS-65515  BC  AND  RTU  MODE  TIMING 

Table  9  defines  the  times  and  lists  the  units  for  the  following  1 1 
timing  diagrams. 


TABLE  9.  1S53  I/O  TIMING  DEFINITIONS 


TIME 

DEFINITION 

MIN 

MAX 

UNITS 

Ta 

Start  timing  (start  to  data  on  1 553) 

3 

4 

ms 

T„ 

EOM/Error  Interrupt 

5 

7 

MS 

TBi 

BC  EOM  Interrupt 

10 

12 

MS 

Tebo 

EOM/Error  Timeout  Interrupt 

19 

21 

MS 

T9C 

Intermessage  Gap 

12 

12 

MS 

(Mid  parity  to  mid  sync) 

Tgplo 

Intermessage  Gap  (Timeout) 

24 

26 

MS 

(Mid  parity  to  mid  sync) 

T,sp 

Response  Time 
(Mid  parity  to  mid  sync) 

10 

12.5 

MS 

Te,o 

RT/RT  Timeout  Interrupt 

19.5 

20.5 

MS 
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FIGURE  27.  BC  MODE  -  RECEIVE  COMMAND 
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FIGURE  28.  BC  MODE  -  TRANSMIT  COMMAND 
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FIGURE  29.  BC  MODE  -  BROADCAST 
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FIGURE  30.  BC  MODE  -  RTU  TO  RTU  TRANSFER 
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FIGURE  31.  BC  MODE  -  TIMEOUT 
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FIGURE  32.  BC  MODE  -  TWO  COMMANDS 
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FIGURE  33.  RTU  MODE  -  RECEIVE  COMMAND 
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FIGURE  34.  RTU  MODE  -TRANSMIT  COMMAND 
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FIG  U  R  E  35.  RTU  MODE  -  BROADCAST  COMMAND 
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FIGURE  36.  RTU  MODE  -  RT/RT  RECEIVE 
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FIGURE  37.  RTU  MODE-RT/RT  TRANSMIT 
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FIGURE  38.  RTU  MODE  -  RT/RT  TIMEOUT 


INSTALLATION 

1553  COUPLING.  The  BUS-65522  can  be  direct  coupled  or 
transformer  coupled  to  the  1 553  bus.  The  user  selects  the  type  of 
coupling  desired  through  the  on-board  jumper  groups  TB1  and 


TB2.  The  BUS-65522  comes  equipped  with  two  Bulkhead  (front 
panel)  connectors,  Trompeter  part  no.  BJ77  and  mating  con- 
nector Trompeter  Cable  Plug,  part  no.  PL-75N. 

Transformer  coupled  connections  are  also  possible  on  the  P2 
connector,  see  TB6  and  TB7  jumpers. 


TB1 


JUMPER  CONFIGURATION 


1553  CHANNEL  A.  Connections  selected  by  jumpers  at  TB1 
BUS-65522  shipped  with: 

(1)  Transformer  coupling  selected. 

(2)  Frame  floating. 

TB1-1  DC  COUPLED  + 

TB1-2  XFM  COUPLED  - 

TB1-3  XFM  COUPLED  - 

TB1-4  DC  COUPLED  - 

TB1-5  FRAME  TO  GROUND 


TB2 


JUMPER  CONFIGURATION 


1553  CHANNEL  B.  Connections  selected  by  jumpers  at  TB2 
BUS-65522  shipped  with: 


(1 )  Transformer  coupling 

(2)  Frame  floating. 


TB2-1  DC  COUPLED  - 

TB2-2  XFM  COUPLED  - 

TB2-3  XFM  COUPLED  - 

TB2-4  DC  COUPLED  - 

TB2-5  FRAME  TO  GROUND 
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TB3 


JUMPER  CONFIGURATION 


BUS-65522  REGISTER  ADDRESSES.  The  user  may  select 
the  upper  bits.  (A6-A15)  of  the  starting  address  of  the  BUS- 
65522  through  the  on-board  jumper  group  TB3.  (Adding  a 
jumper  sets  the  selected  address  bit  to  a  logic  0  .)  BUS- 
65522  shipped  with  address  00  selected. 


TB3-1 

ADDRESS  A6 

TB3-2 

ADDRESS  A7 

TB3-3 

ADDRESS  A8 

TB3-4 

ADDRESS  A9 

TB3-5 

ADDRESS A10 

TB3-6 

ADDRESS  A1 1 

TB3-7 

ADDRESS A1 2 

TB3-8 

ADDRESS A13 

TB3-9 

ADDRESS A14 

TB3-10 

ADDRESS A15 

TB4 


JUMPER  CONFIGURATION 


32  ADDRESS  SPACE  SELECTION.  Adding  a  lumper  to  TB4 
selects  32  Bit  address  bus.  Removing  the  jumper  selects  24 
Bit  address  bus. 


TB5 

FACTORY  LOOP  TEST  BIT 

No  Jumper 

=  Normal  operation 

With  Jumper 

=  Factory  loop  test 

enabled 

TB6(P2)         OPTIONAL  1553  P2  COUPLING 
(CHANNEL  B) 

TB6-1  BUS  B  -  P2  (C4) 
TB6-2  BUS  B  -  P2  (C8) 
TB6-3       SHIELD  P2  (C5) 


TB7  (P2)         OPTIONAL  1 553  P2  COUPLING 
(CHANNEL  A) 

TB7-1  BUS  A  -  P2  (C24) 
TB7-2  BUSA-P2(C20) 
TB7-3       SHIELD  P2  (C25) 


BUS-65522/23  PINOUTS 
P1  CONNECTOR 


PIN 


A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

A20 

A21 

A22 

A23 

A24 

A25 

A26 

A27 

A28 

A29 

A30 

A31 

A32 


SIGNAL 
NAME 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
GND 

GND 
DS1 
DSO 
WRITE 
GND 
DTACK 
GND 

AS 
GND 
IACK 
IACKIN 
IACKOUT 
AM4 

A7 

A6 

A5 

A4 

A3 

A2 

A1 
-12V 
-r5V 


PIN 


B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 

B19 

B20 

B21 

B22 

B23 

B24 

B25 

B26 

B27 

B28 

B29 

B30 

B31 

B32 


SIGNAL 
NAME 


AMO 
AM1 
AM2 
AM3 
GND 


GND 
IRQ7 
IRQ6 
IRQ5 
IRQ4 


+  5V 


C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

C10 

C11 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

C21 

C22 

C23 

C24 

C25 

C26 

C27 

C28 

C29 

C30 

C31 

C32 


SIGNAL 
NAME 


D8 
D9 
D10 
D11 
D12 
D13 
D14 
D15 
GND 


SYSRST 

AM5 
A23 
A22 
A21 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
A10 

A9 

A8 
+  12V 
+5V 


BUS-65522/23  PINOUTS 

P2  CONNECTOR 

SIGNAL 

SIGNAL 

SIGNAL 

PIN 

NAME 

PIN 

NAME 

PIN 

NAME 

A1 

B1 

+  5V 

C1 

A2 

B2 

GND 

C2 

A3 

B3 

C3 

A4 

B4 

A24 

C4 

BUS  B  POS 

A5 

B5 

A25 

C5 

BUS  B  SHIELD 

A6 

B6 

A26 

C6 

A7 

B7 

A27 

C7 

A8 

B8 

A28 

C8 

BUS  B  NEG 

A9 

B9 

A29 

C9 

A10 

B10 

A30 

C10 

A11 

BT1 

A31 

C11 

A12 

B12 

GND 

C12 

A13 

B13 

+  5V 

C13 

A14 

B14 

C14 

A15 

B15 

C15 

A16 

B16 

C16 

A17 

B17 

C17 

A18 

B18 

C18 

A19 

B19 

C19 
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BUS-65522/23  PINOUTS  (CONT) 
P2  CONNECTOR 


PIN 

SIGNAL 
NAME 

PIN 

SIGNAL 
NAME 

PIN 

SIGNAL 
NAME 

A20 

B20 

C20 

BUS  A  NEG 

A21 

B21 

C21 

A22 

B22 

C22 

A23 

B23 

C23 

A24 

B24 

C24 

BUS  A  POS 

A25 

B25 

C25 

BUS  A  SHIELD 

A26 

B26 

C26 

A27 

B27 

C27 

A28 

B28 

C28 

A29 

B29 

C29 

A30 

B30 

C30 

A31 

B31 

GND 

C31 

A32 

B32 

+5V 

C32 

1553  FRONT  PANEL  CONNECTORS  (Trompeter  BJ77  mates 
with  PL75-Bayonet)  reference  J1  &  J2  connectors. 

J1 

Center  Conductor  -  BUS  A  POS 
Ring  -BUS  A  NEG 

Frame  -Shield 

J2 

Same  as  J1  for  1 553  Bus  B  Channel  1 . 


ORDERING  INFORMATION 

BUS-65522 


Power  Supply  Option: 

2  =  ±  12V  to  ±  15V1553B 

3  =  ±  1 2V  to  ±  1 5V  supplies  (MACAIR) 


ORANGE 
RED  GREEN 


FIGURE  39.  JUMPER  CONNECTIONS 


_  9200  :  0.015  _ 
1(23  37  :  0.038)  i 


P=j  16  891  0  14    I  | 

In  I  <°f  J_4 


0 


?  E 


6.299  2  0.015 
(16  -  0.038) 


^  a 


0  *4  MAX 

11  12  MAX) 


FIGURE  40.  MECHANICAL  OUTLINE 
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DESCRIPTION 

The  BUS-65555  provides  full,  intel- 
ligent interfacing  between  the  serial 
dual  redundant  MIL-STD-1553B  Data 
Bus  and  the  rugged  GRiD  1520,  1530, 
and  1535  series  laptop  XT/ AT*  com- 
patible computers.  Software  controls 
the  BUS-65555's  operation  as  either  a 
1 553  Remote  Terminal  Unit  (RTU),  Bus 
Controller  (BC),  or  Bus  Monitor  (MT) 

The  BUS-65555  is  packaged  in  a  GRiD 
internal  battery  cartridge  so  that  it  be- 
comes an  integral  part  of  the  computer. 
It  offers  the  Dual  1553  ports  through 
standard  1 553  triaxial  connectors.  The 
module  is  equipped  factory  strapped 
for  transformer  coupling.  Its  on-board 
8K  x  16  dual  access  shared  RAM  is 
double  buffered,  preventing  partially 


updated  data  from  being  read  by  the 
CPU  or  transmitted  to  the  1553  Data 
Bus.  The  base  address  of  the  registers 
and  the  onboard  shared  RAM  is  user 
selectable  by  DIP  switches 

Additional  features  include  a  wrap- 
around on-line  Built-in- Test,  on-board 
message  Time  Tag  Counter.  RTU  ad- 
dress register,  Monitor  word  count 
register.  The  BUS-65555  supports  all 
dual  redundant  mode  codes  and  mes- 
sage formats.  Its  full  compliance  with 
MIL-STD-1553B  makes  it  an  excellent 
choice  for  dynamic  simulation  in  the  lab 
or  for  flight  line  applications.  It  can  also 
be  used  as  a  software  development  tool 
for  the  AIM-HY  series  MIL-STD-1553 
terminals. 


MIL-STD-1553  RTU/BC/MT 
MODULE  FOR  GRiD® 
RUGGEDIZED  LAPTOP  PC 


FEATURES 

•  MIL-STD-1553B  RTU/BC/MT 
INTERFACE  FOR  GRiD 
1520,1530,  AND  1535  SERIES 
RUGGEDIZED  LAPTOP  PC'S 

•  SMALL  SIZE  &  LOW  POWER 

•  SUPPORTS  ALL  1553B  DUAL 
REDUNDANT  MESSAGE 
FORMATS  AND  MODE  CODES. 
OPTIONAL  ILLEGIZATION  PROM 

•  DYNAMIC  WRAP-AROUND 
ON-LINE  BUILT-IN-TEST 

•  ON-BOARD  TIME  TAG  COUNTER 
&  MT  WORD  COUNTER 

•  DEDICATED  8K  x  16  DUAL 
ACCESS  RAM 

•  SOFTWARE  I/O  REGISTERS 

•  MEMORY  MAPPED  INTERFACE 

•  SOFTWARE  PROGRAMMABLE 
RTU  ADDRESS  AND  DATA  BLOCK 
ALLOCATIONS 

•  LEVEL  5,  INTERRUPT  PROVIDED 


TRANSFORMER 


TRANSFORMER 


TRANSCEIVER 

BUS  65612 

8C/RTU/MT 

TRANSCEIVER 

I6MHi 
CLOCK 


GRiD 
I/O 


•  SELECT 
MEMRD 

•  MEMWR 
INT 

•  RESET 
I/O  ROY 


FIGURE  1.  BUS-65555  BLOCK  DIAGRAM 

®  IBM  XT/AT  is  a  registered  trademark  ot  International  Business  Machines 

©  GRiD  and  GRiDCASE  are  registered  trademarks  ot  GRiD  Systems  Corporation 
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TABLE  1.   BUS-65555  SPECIFICATIONS 
Specifications  at  nominal  power  supply  voltages 


PARAMETERS 


LOGIC 

VOH 

Vol 

Nh 

Iil 

VlH 
V!L_ 


POWER  SUPPLIES 

Voltage, Current  Drain 


TEMPERATURE  RANGE 

Operating  (Case) 
Storage 


PHYSICAL  CHARACTERISTICS 

Size 


and  25"C. 


UNIT 


V 
V 

UA 
mA 

V 
V 


V.Amps 


°C 
°C 


in 
>cm> 


VALUE 


2.4 
0.4 
40 
1.6 
2 

0.6 


+  5.0  +10%  ,1.70  max 


Oto  +70 
-65  to  +150 


2.9x1.45x5.5 
(7.4  x  3.7  x  13.97) 


Table  3.    SEGMENT  ADDRESS 

SWITCH  ASSIGNMENT 

SWITCH 

ADDRESS 

SW-1 

A19  (MSB)* 

SW-2 

A18 

SW-3 

A17 

SW-4 

A16 

SW-5 

A15(LSB) 

SW-6 

N.A. 

*  selected  for  memory  mapping 

C000.  A1 5  assignment  selects 

segment  C000  or  C800 

TABLE  2.  REGISTERS/DECODER  ADDRES 

S  DEFINITION 

OFFSET 

CLEARED 

BYTE 

BY  RESET 

ADDRESS 

DEFINITION 

WW 

COMMAND 

IN  HEX 

4000 

Interrupt  Mask  Register 

RAW 

YES 

4001 

Illegal 

4002 

Illegal 

4003 

Configuration  Register 

WW 

YES 

4004 

Illegal 

4005 

Illegal 

4006 

Start/Reset  Register 

w 

4007 

Illegal 

4008 

RTU  Address  Register 

R/W 

NO 

4009 

Illegal 

400A 

Time  Tag  Register  (byte  0)* 

R 

YES 

400B 

Time  Tag  Register  (byte  1)" 

R 

YES 

400C 

Interrupt  Reset  Command  Register 

W 

YES 

400D 

Illegal 

400E 

External  EOM  Command  Register 

w 

NO 

400F 

Illegal 

"  in  MT  mode  this  becomes  a  16  bit  word  count  register. 

CONTACT  FACTORY  FOR: 

1 )  Interactive  Menu  Driven  Software 

2)  Operations  Manual 


ORDERING  INFORMATION 
BUS-65555 


E 
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MIL-STD-1553  BUS  CONTROLLER 
REMOTE  TERMINAL 


CONTACT  FACTORY 
FOR  MORE 
INFORMATION 


DESCRIPTION 

The  BUS-65612  is  a  16  MHz  single  chip 
dual  redundant  MIL-STD-1553  Bus 
Controller  (BC),  Remote  Terminal  Unit 
(RTU),  and  Bus  Monitor  (MT).  Pack- 
aged in  a  Pin  Grid  Array  (PGA),  the 
BUS-65612  performs  all  the  (unctions 
required  to  interface  a  MIL-STD-1553 
dual  redundant  serial  data  bus  trans- 
ceiver, such  as  DDC's  BUS-63125,  and 
a  subsystem  parallel  three-state  data 
bus. 

Using  a  single  DDC  custom  monolithic 
SOS  IC,  the  BUS-65612  features  pin- 
for-pin  and  functional  BUS-65600  com- 
patibility, user  initiated  self-test,  and 
low  power  consumption. 

Compatible  with  most  microproces- 
sors, the  BUS-65612  provides  a  16  bit 
three-state  parallel  data  bus  and  uses 
direct  memory  access  (DMA  type) 
handshaking  for  subsystem  transfers. 


All  message  transfer  timing,  DMA,  and 
control  lines  are  provided  internally; 
thereby  reducing  the  subsystem  over- 
head associated  with  message  trans- 
fers. 

The  BUS-65612  implements  all  dual 
redundant  MIL-STD-1 553  mode  codes. 
In  addition,  any  mode  code  may  (op- 
tionally) be  illegalized  through  the  use 
of  an  external  PROM  Complete  error 
detection  is  provided  by  the  BUS- 
65612  for  BC  and  RTU  operation.  Error 
detection  includes:  response  time-out, 
inter-message  gaps,  sync,  parity, 
Manchester,  word  count,  and  bit  count. 
The  BUS-65612  is  fully  compliant  with 
MIL-STD-1553  and  operates  over  the 
full  military  temperature  range  ol  -55°C 
to  +125UC  -  making  it  an  excellent 
choice  for  MIL-STD-1553  applications. 


AND  BUS  MONITOR 

FEATURES 

•  COMPLETE  BC,  RTU,  OR  MT 

OPERATION 

•  16  MHz  SINGLE  CHIP  BUS-65600 

REPLACEMENT 

•  CMOS-SOS  TECHNOLOGY 

•  PGA  PACKAGES 

•  IMPLEMENTS  ALL  DUAL 

REDUNDANT  MODE  CODES 

•  SELECTIVE  MODE  CODE 

ILLEGALIZATION  AVAILABLE 

•  BC  CHECKS  STATUS  WORD 

FOR  CORRECT  ADDRESS 
AND  SET  FLAGS 

•  DMA  HANDSHAKING  FOR 

SUBSYSTEM  MESSAGE 
TRANSFERS 

•  CONTINUOUS  ON-LINE  AND 

INITIATED  BUILT-IN-TEST 


TXINH  *  - 
TXDATA  A  - 
TX  DATA  A  -m 
RXDATA  A  — 
RXDATA  A  - 


f  XINH  B  * 
TXDATA  8  - 
TXOAtAB- 
RXDATA  B  — 


HTAO  0  — 
AT  AO  I  - 
RTAD  2  — 
RTAD3  — 
RTAD  *  — 
RTAOP- 


FIGURE  1.  BUS-65612  BLOCK  DIAGRAM 
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TABLE  1  BUS-6561 2  F 

>IN  FUNCTIONS  (PGA) 

PIN  NO. 

FUNCTION 

PIN  NO. 

FUNCTION 

A01 



TIM2 

C05 

ARX 

A02 

ANBRQ 

C06 

TESTENA 

A03 

PCLK 

C07 

VSS 

ACM 

ARX 

C08 

RTAD1 

A05 

B  RX 

C09 

VDD 

A06 

PARENA 

C10 

BRO 

A07 

RTADPAR 

C11 

NW 

A08 

RTAD3 

C12 

LMC 

A09 

RTADO 

C13 

SA3  MC3 

A10 

D01 

DB10 

A1 1 

ND 

D02 

DB12 

A12 

VW 

D03 

DB15 

A13 

VA 

D11 

RTF  AIL 

B01 

VDD 

D12 

SA2  MC2  B8 

B02 

LUUrtHH 

D13 

SAO  MCO  B6 

B03 

RTPARERR 

E01 

DB08 

B04 

TEST1 

E02 

DB09 

805 

B  RX 

E03 

DB1 1 

B06 

BROENA 

E11 

SA1  MC1  B7 

B07 

RTAD4 

E12 

WC4CWC4B5 

B08 

RTAD2 

E13 

WC3CWC3B4 

B09 

CLK 

F01 

DB05 

B10 

TIM1 

F02 

DB06 

B11 

MC 

F03 

DB07 

B12 

CMD 

F11 

WC2CWC1  B3 

B13 

SA4MC4 

F12 

WC1  CWC1  B2 

C01 

DB13 

F13 

WC0CWC0B1 

C02 

DB14 

G01 

DB02 

C03 

TD 

G02 

DB04 

C04 

BNRBQ 

G03 

DB03 

TABLE  1.  BUS-65612  PIN  FUNCTIONS  (PGA)  (Continued) 

PIN  NO. 

FUNCTION 

PIN  NO. 

FUNCTION 

K03 

ATX 

N01 

VSS 

K11 

BUFENA2 

N02 

TSO 

K12 

BUSGRNT 

N03 

LWORD 

K13 

ILLCMD 

N04 

OE 

L01 

BTX 

N05 

CS 

L02 

CYCENA 

N06 

INCMD 

L03 

MT 

N07 

ERROR 

L04 

TEST2 

N08 

ADRINC 

L05 

R/W 

N09 

BUSACK 

L06 

SOM 

N10 

BUSREQ 

L07 

EOM 

N11 

TR 

L08 

CMDTRF 

N12 

GBR 

L09 

BITEN 

N13 

VSS 

L10 

STATEN 

G11 

WCMUXENA 

L11 

CSTINH 

G12 

VDD 

L12 

WRMASK 

G13 

SAMUXENA 

L13 

RESET 

H01 

D801 

M01 

ATX 

H02 

DB00 

M02 

TS1 

H03 

TIMEOUT 

M03 

HSFAIL 

H11 

SVCRQST 

M04 

STATSET 

H12 

SEL2 

M05 

WR 

H13 

SSFLAG 

M06 

INCMD 

J01 

TACT 

M07 

ME 

J02 

CHB/A 

M08 

DTSTR 

J03 

ATXINH 

M09 

TIMERR 

J11 

RTFLAG 

M10 

DBACC 

J12 

ADBC 

M11 

NBGRNT 

J13 

SSBUSY 

M12 

RT/BC 

K01 

BTXINH 

M13 

BUFENA1 

K02 

BTX 

ORDERING  INFORMATION 

BUS-65612-883B 


T. 


Reliability  Grade: 

883B  =  Fully  compliant  with  MIL-STD-883. 

B  =  Screened  to  MIL-STD-883  without 
QCI  testing 

Blank  =  Standard  DDC  procedures 
Packaging:  PGA  (Pin  Grid  Array) 


0.050  — 
SIDE 


0  125±0.012 
0.0805:0.008 
0  180 


_  0.018 
±0.002  DIA. 
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FIGURE  2.  BUS-65612  MECHANICAL  OUTLINE  (PGA) 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-66312 


MIL-STD-1553  TO  MICROPROCESSOR 

INTERFACE  UNIT 


REFER  TO  BUS-61553  FOR 
MEMORY  MANAGEMENT 
DESCRIPTION  AND  TIMING. 


DESCRIPTION 

DDC's  BUS-66312  MIL-STD-1553  to 
Microprocessor  Interface  Unit  simplifies 
the  CPU  to  1553  Data  Bus  interface 
while  offloading  the  CPU.  It  is  packaged 
in  a  small  PGA  hermetically  sealed. 

The  BUS-66312  is  designed  to  be  used 
as  an  intermediary  between  the  CPU 
and  a  MIL-STD-1553  Bus  Controller 
(BC),  Remote  Terminal  Unit  (RTU)  or 
Bus  Monitor  (MT).  The  BUS-66312 
provides  a  method  for  using  a  RAM  ac- 
cessible to  both  the  CPU  and  the  1553 
terminal.  By  using  this  shared  RAM  for 
operation,  the  CPU  can  transmit  or 
receive  1553  traffic  simply  by  accessing 
the  shared  memory. 

The  BUS-66312  allows  all  1553  mes- 
sage transfers  to  be  entirely  memory  or 


I/O  mapped.  Thus  the  CPU's  interface  to 
this  device  is  simple  and  hardware  and 
software  interfacing  is  minimal.  The 
BUS-66312  supports  1553  interface 
devices  such  as  DDC's  BUS-651 49  dual 
Universal  RTU  or  the  BUS-65612  dual 
BC,  RTU,  and  MT.  By  operating 
autonomously,  the  BUS-66312  reduces 
CPU  overhead  for  maintaining  the  1553 
interface.  Available  screened  to  MIL- 
STD-883,  the  BUS-66312  is  ideal  for 
demanding  military  and  industrial 
microprocessor  to  1553  interface  ap- 
plications. The  BUS-66312  operates 
over  the  full  military  -55°C  to  +125°C 
temperature  range. 


FEATURES 

•  COMPATIBLE  WITH 

MIL-STD-1750  CPUs 

•  COMPATIBLE  WITH  MOTOROLA, 

INTEL,  AND  ZILOG  CPUs 

•  COMPATIBLE  WITH  DDC 

BUS-656 12  BC/RTU/MT  AND 
BUS-65149  UNIVERSAL  RTU 

•  MINIMIZES  CPU  OVERHEAD 

•  SIGNAL  CONTROLS  FOR 

SHARED  MEMORY 
IMPLEMENTATION 

•  TRANSFERS  COMPLETE  MES- 

SAGES TO  SHARED  MEMORY 

•  PROVIDES  MEMORY  MAPPED 

1553  INTERFACE 

•  IBM  PC*  DEVELOPMENT  CARD 

(BUS-65515)  AVAILABLE 


CPU 
TIMING 


_»  MEMORY 
TIMING 


CONTENTION 
RESOLVE R 


<  > 


MICROCODE 
CONTROLLER 


rfFTF 
2£ 


OPERATION 
CONTROL 
REGISTERS 


START/RESET 
REGISTER 


INTERRUPT 

MASK 
REGISTER 


INT  4- 


BLOCK 
STATUS 
WORD 


"<  MSGERR 
-<  TIMEOUT 


:  LOOPERR 
;  CHB'CHA 


INTERRUPT 
GENERATOR 


-<  CTLINB'A 
CTLOUTB  'A 
RT/BC 


DBAC 
->  SSBUSY 
->  SSFLAG 
->  SVCRQST 

RESET 


FIGURE  1.  BUS-66312  BLOCK  DIAGRAM 
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ILC  DATA  OCVICE  BUS-66312 


CORPORATION 


TABLE  1.  BUS-66300  II  SPECIFICATIONS 
Specifications  at  nominal  power  supply  voltages. 


PARAMETER 

UNITS 

VALUE 

Logic 

l,„  (With  V,H  =  2.7V) 

MA 

=  10 

!,„„,  (With  V,H  =  2.7V) 

MA 

-630 

liL  (With  V,L  =  0.0V) 

r  10 

l      /with  \/   —  n  nv\ 

MA 

/UU 

Iqh 

mA 

4.0  min 

lot. 

mA 

4.0 

V 

2.0 

v,L 

V 

0.8 

VOH 

V 

3.7 

Vol 

V 

0.4 

Clock 

MHz 

12 

Power  Supplies 

Voltage 

V 

5.0  =  10% 

Current  Drain 

mA 

10typ 

Temperature  Range 

Operating  (Case) 

=C 

-55  to +  125 

Storage 

■c 

-65  to +  150 

Physical  Characteristics 

Size 

(78  pin  DIP) 

in 

2.1  x1.87x0.25 

(mm) 

(53x47.5x6.4) 

(82  pin  flatpack) 

in 

2.1  x  1.87  x. 25 

(mm) 

(55.6x40.6x3.71) 

Weight 

(78  pin  DIP) 

oz(g) 

1(28) 

(82  pin  flatpack) 

oz(g) 

1  (28) 

Notes: 

(1)  Values  tor  78  pin  DIP  pins  1.  2.  6.  10.  41,  and  52:  and  82  pin  flatpack 
pins  2,  3,  4,  12.  20  and  25. 


GENERAL 

Many  system  designers  do  not  want  to  halt  their  CPU's  current 
operation  in  order  to  respond  to  an  interrupt  from  a  BUS-65612 
or  BUS-65149  in  the  time  required  to  avoid  a  handshake  failure 
(1 .5  to  2.33ms).  The  BUS-66312  was  designed  to  solve  this 
problem  by  performing  the  required  handshaking  to  the  1553 
interface  device,  storing  or  retrieving  the  message(s)  from  a  user 
supplied  RAM  and  notifying  the  CPU  that  a  1553  transaction 
has  occurred.  The  CPU  uses  this  RAM  to  read  the  received  data 
as  well  as  to  store  messages  to  be  transmitted  onto  the  Bus. 
The  BUS-66312  arbitrates  the  access  to  the  shared  RAM 
between  the  1553  front  end  and  the  CPU. 

The  BUS-66312  can  be  used  to  implement  BC,  RTU,  or  MT 
operation  and  can  be  either  memory  mapped  or  I/O  mapped  to 
CPU  address  space.  Registers  internal  to  the  BUS-66312 
control  its  operation. 

In  addition,  the  BUS-66312  can  access  up  to  four  external, 
user  supplied  registers.  These  registers  can  be  used  to  define 
the  RTU  Address  of  the  device  or  capture  the  Built-in-Test  (BIT) 
Word  from  the  1553  interface  device. 


The  BUS-66312  can  address  up  to  64K  words  of  RAM.  The 
RAM  selected  must  be  a  non-latched  static  RAM  capable  of 
meeting  the  timing  constraints  of  the  BUS-66312.  The  RAM 
is  used  by  the  BUS-66312  to  implement  Stacks  and  Look-Up 
Tables  as  well  as  to  store  1553  messages.  A  double  buffering 
architecture  is  provided  to  prevent  incomplete  or  partially  up- 
dated information  from  being  transmitted  onto  the  1 553  Data  Bus. 

The  specific  allocation  of  the  RAM  depends  upon  the  operating 
mode  selected  by  the  CPU.  Details  are  provided  in  the  BC,  RTU, 
and  MT  sections. 

The  BUS-66312  requires  an  external,  user  supplied  clock  (8  to 
16MHz  max.).  The  waveforms  provide  in  this  data  sheet  are 
calculated  based  on  a  clock  frequency  of  1 2MHz.  Uhen  using  a 
1 2MHz  clock,  a  static  RAM  with  a  maximum  55ns  access  time  is 
recommended. 

COMPATIBLE  MICROPROCESSOR  TYPES 

The  BUS-66300  II  may  be  used  with  most  common  microproces- 
sors, including,  but  not  limited  to,  the  Motorola  68000  family,  the 
Intel  8080  family,  Zilog  Z8000  products,  and  the  available  MIL- 
STD-1750  processors.  It  can  also  implement  byte  transfers  with 
a  minimal  amount  of  external  circuitry.  Consult  the  factory  for 
details. 

Interfacing  the  BUS-66312  to  the  1553  Data  Bus  requires  exter- 
nal circuitry  such  as  DDC's  BUS-65612  (BC/RTU/MT),  BUS- 
63125-641  (dual  transceiver),  and  BUS-25679  (transformer). 


MEMORY  MANAGEMENT 

The  RAM  used  by  the  BUS-66312  can  be  any  standard  static 
memory  with  a  WRITE  STROBE  pulse  width  requirement  less 
than  55ns.  The  RAM  area  is  broken  down  into  pointers,  look-up 
tables,  and  data  blocks.  All  1553  operation  control  is  ac- 
complished through  the  RAM,  including  fault  monitoring  and  data 
block  transfers. 

For  most  applications,  a  4K  x  16  memory  is  sufficient  to  store 
the  number  of  messages,  but  the  BUS-66312  can  access  up 
to  64K  words. 


DOUBLE  BUFFERING.  A  Double  Buffering  system  is  available 
to  prevent  partially  updated  data  blocks  from  being  read  by  the 
CPU  or  transferred  onto  the  1553  Data  Bus.  To  use  Double 
Buffering  the  CPU  must  divide  the  RAM  into  two  areas:  "current" 
and  "non-current."  Two  Stack  Pointers,  Descriptor  Stacks,  and 
Look-Up  Tables  are  required  to  be  used  by  the  CPU. 
The  1 553  device  has  access  only  to  the  current  area  of  RAM, 
and  will  use  the  current  Descriptor  Stack  and  Look-Up  Table. 
While  the  1 553  device  is  processing  messages  using  the  current 
area  pointers,  the  CPU  can  be  setting  up  the  next  set  of  mes- 
sages in  the  non-current  area  of  RAM. 

Once  an  EOM  or  BCEOM  occurs,  the  CPU  can  swap  the  current 
and  non-current  areas  by  toggling  bit  13  of  the  Configuration 
Register  (see  register  section  for  description).  The  1553  device 
will  then  have  access  to  the  new  current  area.  Meanwhile,  the 
CPU  can  begin  processing  the  data  received  during  the  previous 
transfer  or  can  begin  setting  up  the  next  set  of  1 553  messages. 
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12MhzClock 
(Internal) 


See  Note 


STRBD(41) 

SELECTd)— V  v 

   c3^ 

IOEN  (42) 


READYD  (3) 


MEM/REG  (10) 


RD/WR(2)  i 


MEMCS(16) 


MEMOE(56) 
A15-A00  7/ 
D15-D00  ; 


f—  td1- 


¥ 


W/M/////////W///////////////////////////////, 


-tpwl- 


RAM  ADDRESS  VALID 


RAM  DATA  VALID 


-td2 


y 


Note: 

STRBD  to  IOEN  (low)  delay  is  two  clock  cycles.  If  contention  occurs, 
delay  is  two  clock  cycles  following  release  of  bus. 


CPU  READS  FROM  RAM 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNITS 

tdl 

READYD  low  delay  (CPU  Handshake) 

200 

ns 

td2 

IOEN  high  delay  (CPU  Handshake) 

20 

ns 

tpwl 

READYD  pulse  width  (CPU  Handshake) 

70 

ns 

td4 

CPU  MEMOE  low  delay 

115 

ns 

FIGURE  2.  CPU  READS  FROM  RAM  TIMING 
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BUS-66312 


12MhzClock 
(Internal) 


STRBD(41) 


See  Note 


SELECT  (1) 
IOEN(42) 
READYD(3) 


MEM/REG  (10)  ^ 


RD/WR  (2) 


MEMCS(16) 


MEMWR(57) 


A15-A00 


D15-D00 


-td2 


-tpwl- 


\  / 


-tpw3 


-td3- 


tpw2 


RAM  ADDRESS  VALID 


RAM  DATA  VALID 


'A 


STRBD  to  IOEN  (low)  delay  is  two  clock  cycles.  If  contention  occurs, 
delay  is  two  clock  cycles  following  release  of  bus. 


CPU  WRITES  TO  RAM 

SYMBOL 

DESCRIPTION 

MIN  MAX 

UNITS 

td1 

RE  AD  YD  low  delay  (CPU  Handshake) 

200 

ns 

td2 

IOEN  high  delay  (CPU  Handshake) 

20 

ns 

tpwl 

READYD  pulse  width  (CPU  Handshake) 

70 

ns 

td3 

CPUMEMWR  low  delay 

120 

ns 

tpw2 

CPU  MEMWR  low  pulse  width 

70 

ns 

tpw3 

CPU  MEMCS  low  pulse  width 

70 

ns 

FIGURE  3.  CPU  WRITES  TO  RAM  TIMING 
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BC  START  (+*| 

AISAOO  ■ 


STACK  POINTER  X  STACK  ADOBE SS  X  STACK  ADDRESS  ■  l~X  STACK  AQORES-S  -1  X  STACK  A 
STACK  AOORESS     Xa-OCK  STATUS  WOBOX  TIME  TAG  X~        TO-STATE  X  BIGOT 


BC  SOU  TIMING  (HO  CONTENTION) 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNTTS 

id9 

Register  Daia  Address  sel-up  nme 

40 

ns 

IdIO 

Reqisie*  Data/ Address  txM  lime 

0 

ns 

011 

BCSOM  Cycle  DMAdelay 

120 

ns 

tpw8 

8CSTART  to"*  pulse  width 

70 

FIGURE  4.  BC  SOM  TIMING  (NO  CONTENTION) 


<    STACK  POINTER  X    STACK  ADDRESS     X  STACK  ADDRESS  • 

l  X  STACK  AOORESS  • 

Z  X  STACK  AOORESS 

2  X       STACK  POINTER 

X  STACK  PONTES  •  1 

1  STACK  POWTER  -Z  X    STACK  POINTER  ■  '  ) 

X  TRI-5TATE 

X  TBI-STATE 

X  STACK  AOORESS 

*  X    MESSAGE  COUNT 

TRLSTATE          X  MESSAGE  COUNT  .1  f 

BC  EOM  TIMING  (NO  CONTENTION) 

SYMBOL 

OCSCRIPTION 

MAX 

UNTTS 

id  12 

INT  low  delay 

90 

ns 

tpw9 

EOM  tow  puts*  wtdffi 

50 

£00 

nt 

tpwtO 

iNTtowpwteewKjm 

lpw9 

ns 

tpwll 

INT  tow  (8CEOM)  pulse  w*Jth 

60 

ns 

•Therrwr 

value  of  tpwio  equals  <pw9  mmus  30  ns 
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FIGURE  5.  BC  EOM  TIMING  (NO  CONTENTION) 
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NBGRNT  [  1 9)  W 


STACK  POINTER       X       STACK  AOORESS       X~  STACK  ADDRESS  *  1     )(    STACK  ADDRESS  ■*  2    X     STACK  ADDRESS +3  ~X      LOOK-UP  ADDRESS  ) 
STACK  ADDRESS      X  BLOCK  STATUS  WORD  X  TIME  TAG  X  TRI-STATE  X  COMMAND  X       BLOCK  ADDRESS  ~>  


RTU  SOU  TIMING  (HO  CONTENTION) 

SYMBOL 

DESCRIPTION 

UIN 

MAX 

UNITS 

tdi3 

RTU  SOMCycli)  DMA  deiay 

200 

m 

tdM 

1 553  Command  Word  Ml -up  Ima 

60 

m 

1015 

1 553  Command  Word  hold  wrm 

60 

n* 

tpwB 

BCSTART  low  pulse  width 

70 

tpw12 

SOM  low  puts*  width 

50 

200 

tpw13 

NBGRNT  low  pulse  width 

50 

200 

FIGURE  6.  RTU  SOM  TIMING  (NO  CONTENTION) 


INT  (45) 
A1 5-A00  - 


3-tr 


-(       STACK  POINTER 

X       STACK  ADDRESS 

X    STACK  ADDRESS  1 

X    STACK  ADDRESS  -  2 

X     STACK  ADDRESS 

X       STACK  POINTER  ) 

■<       STACK  ADDRESS 

X  BLOCK  STATUS  WORD 

X            TIME  TAG 

X  TRI-STATE 

X  TRI-STATE 

X    STACK  ADDRESS  .  4  ] 

RTU  EOM  TIMING  (NO  CONTENTION) 

SYMBOL 

DESCRIPTION 

MIN 

MAX 

UNITS 

tpw9 
(pwlO 

EOM  low  puise  width 
INT  low  pulM  width 

50 

200 
tpw9 

ns 
ns 

■The  rrnr 

value  ol  tpwIO  equals  towS  ma 

us  30  ns 

FIGURE  7.  RTU  EOM  TIMING  (NO  CONTENTION) 
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PIN  NO. 

FUNCTION 

PIN  NO. 

FUNCTION 

A01 

NC 

G11 

GND 

A02 

A09 

G12 

CTLOUTB/A 

A03 

A08 

G13 

VCC 

A04 

A06 

H01 

D00 

A05 

A05 

H02 

D01 

A06 

A03 

H03 

GND 

A07 

A02 

H11 

ADRINC 

A08 

GND 

H12 

CTLINB/A 

A09 

NBGRNT 

H13 

MEM/REG 

A10 

OE 

J01 

D02 

A11 

MEMCS 

J02 

D03 

A12 

NC 

J12 

STATERR 

A13 

CS 

J13 

MSGERR 

B01 

NC 

K01 

D04 

B02 

GND 

K02 

D05 

B03 

NC 

K12 

SOM 

B04 

A07 

K13 

RESET 

B05 

GND 

L01 

VCC 

B06 

vcc 

L02 

D07 

B07 

A00 

L06 

D13 

B08 

ADRDIR 

L07 

DDIR 

B09 

MEMWR 

L08 

IOENBL 

B10 

MEMOE 

112 

EOM 

B11 

NC 

L13 

BCSTART 

B12 

GND 

M01 

D06 

PIN  NO. 

FUNCTION 

PIN  NO. 

FUNCTION 

B13 

BUSGRNT 

M02 

GND 

C01 

A11 

M03 

DOS 

C02 

A10 

M04 

D10 

C06 

A04 

M05 

D12 

C07 

A01 

M06 

D14 

C08 

MT 

M07 

VCC 

C12 

WR 

M08 

RD/WR 

C13 

BUSACK 

M09 

GND 

D01 

A13 

M10 

EXTEN 

D02 

A12 

M11 

INT 

D12 

BUSREQ 

M12 

GND 

D13 

MSTRCLR 

M13 

VCC 

E01 

A15 

N01 

NC 

E02 

A14 

N02 

NC 

E12 

LOOPERR 

N03 

D09 

E13 

TIMEOUT 

N04 

D11 

F01 

SSBUSY 

N05 

GND 

F02 

DBAC 

N06 

D15 

F03 

RTU/BC 

N07 

SELECT 

F11 

CLOCKOUT 

N08 

STRBED 

F12 

CLKSEL 

N09 

READYD 

F13 

CLOCKIN 

N10 

EXTLD 

G01 

SSFLAG 

N11 

CHB/CHA 

G02 

VCC 

N12 

TAGEN 

G03 

SVCRQST 

N13 

NC 

-0.125^0.012 
-  0.08010.008 
—^0.180 


=  0.018 
;0.002  DIA. 


0.050  DIA. 


-1. 20010.01 2- 


@@®®®©®®®®®@© 
®®®®@@®®@®®@® 
®@L  ®@®  ®® 

®  ®  ^  0.070  TYP  DIA  ®® 
®  ®  ®  @ 

®  ®  ®  ®  ®  ® 

®@®  @®@ 
®®@  ®@® 

®  ®      EXTRA  PIN  ®  ® 

®  ®     /  ®  ® 

®@®  @®@  ®@ 

®®®@®@®@®®®®© 
0^®®®®®®®®®®®® 


SIDE  VIEW 


/I    23456789  10  11 
^ — INDEX  MARK  TOP  SIDE 
BOTTOM  VIEW 


ORDERING  INFORMATION 


BUS-66312 


Reliability  Grade: 

883B  =    Fully  compliant  with  MIL-STD-883 

B  =    Screened  to  M I L-STD-883  but 
without  QCI  testing. 

Blank  =    Blank  =  0°  to  70°  C 


FIGURE  8.  BUS-66312  MECHANICAL  OUTLINE 
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BUS-67007 


MIL-STD-1750A  CPU  SEM  E  CARD 
WITH  MIL-STD-1553  RTU/BC/MT 


DESCRIPTION 

The  BUS-67007,  Microcomputer  SEM 
E  card,  provides  a  general  purpose, 
single  chip,  16  bit  CMOS  microproces- 
sor designed  for  high  performance 
floating  point  and  integer  arithmetic, 
with  extensive  real  time  environment 
support  conforming  to  the  MIL-STD- 
1750A  instruction  set  architecture.  The 
PACE  1750A  microcomputer  and  on- 
board 32K  x  16  of  EPROM  offers  the 
user  an  embedded  system  controller 
that  can  be  used  as  a  generic  1750A 
processor  with  a  full,  intelligent  dual 
redundant  MIL-STD-1553  RTU/BC/MT 
terminal.  Its  RS-422  port  facilitates 
software  development  and  system  in- 
tegration. 

The  BUS-67007  is  packaged  on  a 
standard  SEM  E  card  with  a  150  pin 
connector.  Its  on-board  8K  x  16  SRAM 


supports  the  1750A  CPU.  The  separate 
internal  8K  x  16  dual  access  shared 
RAM  of  the  BUS-61555  AIM-HY  sup- 
ports the  1553B  messages,  preventing 
partially  updated  data  from  being  read 
by  the  CPU  or  transmitted  to  the  1 553 
Data  Bus.  The  AIM-HY  off-loads  the 
microprocessor  from  the  tasks  of  1553 
communication  protocol  and  offers  the 
host  additional  RAM  for  program  or 
data 

The  card  is  equipped  with  8  LE.D.'s 
which  gives  visual  BIT  feedback  as  to 
the  CPU  self-test,  unrecoverable  er- 
rors, software  errors,  RS-422  status, 
EPROM  status,  SRAM  status,  1 553  ter- 
minal self-test  status,  and  the  CPU 
watch-dog  timer  status  The  BUS- 
67007.  requires  5  volt  DC  power,  with 
a  total  power  dissipation  under  5  watts. 


FEATURES 

•  MIL-STD-1750A  CPU  CARD 
(PACE  MICROPROCESSOR) 
AND 

MIL-STD-1553  TERMINAL 
(BUS-61555.  5V  AIM-HY) 


•  16K  WORDS  RAM,  32K  WORDS 
EPROM  ON  CARD 


•  RS-422  PORT  FOR  SOFTWARE 
DEVELOPMENT  AND  DEBUG 


•  VISUAL  BIT  (8  L.E.D.s) 


•  LOW  POWER,  <  5  WATTS,  +5VDC 


OSCILLATOR 
16  MHz 


FAULTS • 


INT  CNTRL  ■ 


BUS  A 


BUS  B  • 


1750  CPU 


T 


7- 


BUFFER 


CONTROL 


MIL-STD-1553B 


8K  X  16 
RAM 


CONTROL 


ADDRESS 


CONTROL 
LOGIC 


DATA 


RS-422 
SER.  INT, 


BUFFER 


■  AK0-3.  ASO-3 

■  IBO-15 
•  AO-15 


V 


DO-15 


8K  X  16 
SRAM 


•  CONTROL  BUS 


T 


32K  X  16 
UVEPROM 


•  A0-A1 

•  D0-D7 


WATCH-DOG 
TIMER 


BIT  L.E.D.s 


! 

r  L.E.D.  1 

'  L.E.D.  \ 
\ 

'  L.E.D.    ▼  L.E.D  J 

r  L.E.D.  3 

5 

-  L.E.D  J 

t  L.E.D.  1 

f  L.E.D. 

FIGURE  1.  BUS-67007  BLOCK  DIAGRAM 
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TABLE  1.  PIN-OUTS 

TYPE 

PIN  NUMBER 

DESCRIPTION 

BO  -  IB  15 

I/O 

6.56.7.57.8.9.59.60. 1 1 ,61. 

INFORMATION  BUS  MULTIPLEXED  ADDRESS  AND  DATA  USED  AS  DATA 

1  il.O£.  1  /  .Do,   ^J,  I tD 

BUS  OFF  MODULE  (180  -  MSB}  TR1-STATE 

A0-A15 

0 

139.138,24,74,25,75.26.76,20 
,70,21,71,22,72,23.73 

ADDRESS  BUS  (A15  =  MSB)  TR1-STATE 

AKO  -  AK3 
A50  -  A53 

0 

105.106,107.108 
111  112,113,114 

EXTENDED  ADDRESS  BUS  TRI-STATE 

PAO  -  PA  7 
PCO  *  FC2 

I/O 

34.33,32,31,81.82,83,84 

4K4Q111  inOOQQH47 
146  44  45  97 

PARALLEL  lO  PAO  -  PB7  CAN  BE  DEFINED  AS  INPUT  OR  OUTPUT  BY  8 
BITS  PC0   PC2  OUTPUT  ONLY 

io\jt_r^LAJ ' 

85 

16  MHz  CLOCK  OUTPUT 

1  8MOLTT 

rai  n  rate  n  npK  m  rrpt  n" 

100KHZ 

O 

8MCLK-1MCLK 

128,28,78,79 

8,4,2,1  MHz  CLUCK  (JU  1  PU  1  o  (oYNCHHUNOUo) 

0INT1.ONT2 

14,13 

n/~\  ii  1 1  nn,  itttc 
VU  IN  1  EHHUP  1 o 

INT2  -  INT5 

I 

66,65,16.64 

GENERAL  INTERRUPTS 

POINT 

122 

nJWtH  IAJ  WN  IN  1  fcHHUP  1 

CONREO- 

— j — 

oowc/-*  c  p.cr*  ifqt  arnuF  i  ow 

BSGNT- 

— j — 

-7  

WmOATCQ  THAT  TVIIC  171^/lA  MAV  1  KF  THF  PU  lc 
■'iUVjAA  ICO  1  rIM  1    1  Hio  1  <  JUH  IVIAA  1  LADC  1  MC  LXJo 

— — — 

-|  

ii^jlav^a  i  Co  rwicn/^/M  i  un  iu  ai^LjCoo 

^-P  

— y — 

—  

INniOATFQ  nATA  OYPI  F  IC  RFAnY  TO  TFRM1NATF 

■  MLAV^JA    C3  URIH  L.  I  — C  IO  IUUJ  1    1  W  1  i — ■  iMIVI  1  C 



— I — 

-rr  

iwn»oATFc  AnnoFcj?  ovrj  f  iq  rfapw  to  tfrminatf 

KA>4ICo  HULfflCOO  VjILLC  D  nCHUI  IVJ  i  cmvuiiM  i  c 

01  ' 

— — — 

— ^ — 

—  

—  

IINL-AV^A  1  Co  M  L/A  1  A  I  J^l  A*io  1  rAUL*  1  \JI*  AIjLjCOO 

1  HGHb  1  ■ 

pi  II  QCT)  PPQPT  FRO>A  17£/1A  PRrY^DAM  /"yWTOOl    /Am\/F  1  OlAA 

□  CI  OOt^ 

BoLULX 

— io — 



ftimTATCC  TUAT  TVIC  Dl  IC  OAMUkOT  DC  AOOCCCCH  IAI"TIWC  1  OVA/. 
INUtXtti  1  HA  1    1  Mt  OUO  L.AIMIAKJ  1  Dt  MlAvtOOtl/  |HLillVt  LUWJ 

SNF/W 

— o  — 

—  

51 

IMmOATCQ  AM  rtr/TC  cctou  cnr*A  1  7t^nA 

RESET 

o 

_104  

cvCTCHi  QCQCT  Ol  fTCH  FT  lAm\/C  1  OVAA 
oio'cMMcocI  UUIrTJI  (AL<irVcLUWJ 

DAEN- 

TDlCTATF  fTWHyit    POD  nATA  Rl  IC  (AOT1UF  1  OUl/l 
1  Mt-O  IHIt  U_/ry  1  l-RJL             UH  1  M  BUo  (AVAj  1  Ivc  LUW) 

STRBD- 

0 

— -  

58 

DATA  STROBE  (ACTIVE  LOW) 

STRBA 

o 

67 

ADOFiESS  STROBE  (ACTIVE  HIGH 

LR  W 

o 

68 

LATCHED  READ  WRITE  CONTROL 

ANALOG  GND 

I 

15 

ANALOG  GROUND 

-15VDC 

I 

38 

ANALOG  INPUT  SUPPLY  -15VDC 

1 15VDC 

I 

133 

ANALOG  INPUT  SUPPLY  +  15VDC 

UNUSED 

NA 

129,130 

CSRAMO- 

o 

37 

RAM  CHP  SELECT  OUTPUT  (ACTIVE  LOW) 

CSRAMI- 

I 

88 

RAM  CHIP  SELECT  INPUT  (ACTIVE  LOW) 

LROMGS 

I 

90 

LOW  BYTE  ROM  CHP  SELECT  INPUT  (ACTIVE  LOW) 

HROMCS- 

142 

HIGH  BYTE  ROM  CHIP  SELECT  (ACTIVE  LOW, 

CSROM- 

0 

136 

ROM  CHIP  SELECT  OUTPUT  (ACTIVE  LOW) 

OE- 

I 

91 

ROM  OUTPUT  ENABLE  (ACTIVE  LOW) 

VPP 

I 

89 

UVEPROM  PROGRAMMING  VOLTAGE 

A14IN 

I 

41 

ALLOWS  EEPROM  TO  BE  USED  IF  DESIRED 

ERROR  l 

o 

35 

UNRECOVIHRABLE  ERROH  1 750A 

ERROR2 

o 

77 

MAJOR  ERROR  1750A 

MPTER- 

I 

1  15 

MEMORY  POINTER  ERROR  (ACTIVE  LOW)  1750A 

MPAER- 

I 

116 

MEMORY  PARITY  ERROR  (ACTIVE  LOW)  1750A 

XARER- 

I 

117 

EXTERNAL  ADDRESS  ERROR  (ACTIVE  LOW)  1750A 

SFLTO 

1 

1 17 

SYSTEM  FAULT  1750A 

SFLTl 

1 

1  19 

SYSTEM  FAULT  1750A 

BSREO 

0 

121 

INDICATES  THAT  THE  1750A  DE3RES  USE  OF  THE  BLISSES 

REC 

1 

46 

SERIAL  COMMUNICATIONS  PORT  RECEIVE  DATA 

XMff 

o 

148 

SERIAL  COMMUNICATIONS  PORT  TRANSMIT  DATA 

CTS 

1 

46 

SERIAL  COMMUNICATIONS  PORT  CLEAR  TO  SEND 

RTS 

o 

149 

SERIAL  COMMUNICATIONS  PORT  REQUEST  TO  SEND 

R  W 

o 

120 

READ  WRITE  OUTPUT 

GND 

1 

10.40.110,140 

LOGIC  GROUND 

BUFDIR- 

1 

123 

EXTERNAL  CONTROL  OF  1553  BUFFERS 

RESIN- 

1 

132 

MASTER  RESET  INPUT  (ACTIVE  LOW) 

CPUCLK 

1 

127 

CLOCK  INPUT  TO  1750A 

WE- 

o 

134 

WRITE  STROBE  (ACTIVE  LOW) 

RD- 

o 

135 

READ  STROBE  (ACTIVE  LOW) 

RTAD0-RTAD4 

1 

92,137,42.141.93 

REMOTE  TERMINAL  ADDRESS 

RTADP 

1 

145 

REMOTE  TERMINAL  ADDRESS  PARITY 

RTPARERR- 

o 

96 

REMOTE  TERMINAL  ADORE SS  PARITY  ERROR 

WAfTCLK 

1 

36 

INPUT  CLOCK  TO  WAIT  STATE  GENERATOR 

mo  IT  r*i  — iy  to  lllATru  rv~\o  T1A1CD 
INPUI  CLLAJK  IUWAICH-LXJO  IIMtK 

EXTWAIT 

1 

87 

OFF  BOARD  ENABLE  OF  WAIT  STATE  GENERATOR 

18MCLK 

94 

INPUT  CLOCK  TO  CLOCK  DIVIDER 

1  8MIN 

1 

143 

INPUT  BAUD  RATE  CLOCK 

INJIN 

1 

109 

INJECTOR  CURRENT  INPUT  F9450  ONLY 

TAGEN- 

1 

147 

1553  TIME  TAG  ENABLE 

WD 

o 

30 

WATCH-DOG  TIMER  OUTPUT 

DATA  A 

1 

144 

1553  CHANNEL  A 

DATA  A- 

39 

1553  CHANNEL  A 

DATA  B 

124 

1553  CHANNEL  B 

DATA  B- 

43 

1553  CHANNEL  B 

VCC 

t 

1,50,101,150 

LOGC  SUPPLY  +5VDC 

Table  2.  VISUAL  BIT 

L.E.D.S 

FUNCTION 

COLOR 

CPU  SELF-TEST 

GREEN 

ERROR  CODE  l 

RED 

ERROR  CODE  2 

RED 

RS-422  STATUS 

GREEN 

EPROM  STATUS 

GREEN 

SRAM  STATUS 

GREEN 

1553  STATUS 

GREEN 

WATCH-COG 

GREEN 

ORDERING  INFORMATION 
BUS-67007 
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ILC  DATA  DEVICE 


BUS-68005 


MIL-STD-1553  DATA  BUS  EXERCISER 


IMPROVED  POWER  SUPPLY 
CONTACT  FACTORY 


DESCRIPTION 

The  BUS-68005  is  a  low  cost  portable 
instrument  for  testing  and  troubleshoot- 
ing MIL-STD-1553A  and  1553B  sys- 
tems. It  provides  full  function  simulation 
of  Remote  Terminal  Unit  (RTU)  and  Bus 
Controller  (BC)  operation.  The  BUS- 
68005  implements  the  protocol  tests  of 
the  proposed  SAE  AE-9A  Production 
Test  Plan  for  Remote  Terminals.  These 
tests  include  RT  Address,  Word  Count, 
Subaddress,  Error  Injection,  Dual-Re- 
dundant Operation,  Mode  Commands, 
Status  Word,  Broadcast  Messages,  and 
RT  to  RT  Transfers.  BUS-68005  offers 
simple  and  flexible  operation  including 
either  local  programming  via  the  front 
panel  24  pad  keyboard  and  1 0  character 


alphanumeric  display,  or  remote  pro- 
gramming via  an  8  bit  parallel  I/O  port, 
RS-232,  or  IEEE-488  interfaces.  The 
IEEE-488  interface  is  a  Direct  Memory 
Access  (DMA)  port,  allowing  for  real- 
time operation.  Additional  features  in- 
clude error  generation  and  error  detec- 
tion, single,  repeat,  or  halt-on  error  op- 
eration modes,  variable  response  time, 
variable  message  gap,  variable  trans- 
mitter amplitude,  a  real-time  monitor 
port,  programmable  response  time-out, 
and  built-in  self  test.  Its  compact  size, 
3.47"  x  14.5"  x  1 7.0",  and  price/perform- 
ance makes  it  a  leader  for  test  applica- 
tions requiring  BC  and  RTU  simulation. 


FEATURES 

•  IMPLEMENTS  PROTOCOL  TESTS 

OF  SAE  AE-9  PROPOSED 
PRODUCTION  TEST  PLAN 

•  1553A  OR  1553B  SYSTEM  TESTS 

•  SIMULATES: 

BUS  CONTROLLER 
MULTIPLE  REMOTE  TERMINALS 

•  REAL-TIME  MONITOR  OUTPUT 

•  ALL  PARAMETERS  MANUAL  AND 

REMOTE  PROGRAMMABLE: 
KEYBOARD/DISPLA  Y 
IEEE-488  WITH  DMA 
RS-232 

8  BIT  PARALLEL 

•  ERROR  GENERATION/DETECTION 

•  VARIABLE  TRANSMITTER 

•  LOW  COST 


TRIGGER  IN 


TRIGGER  OUT 


BUS  A 


BUSB 


SEQUENCE 
CONTROL  K 


BUS-64201 
ERROR-GENERATING 
ENCODER 


1^ 


BUS-8559 
VARIABLE 
LEVEL 
TRANSCEIVER 


MESSAGE 
RAM 


MICROPROCESSOR 
(6809) 


DMA 
CONTROL 


f7> 


PARALLEL 
INTERFACE 


ft 


RS-232 
INTERFACE 


IEEE-488 
INTERFACE 


KEYBOARD 
AND 
DISPLAY 


8-BIT 
PARALLEL  I/O 


RS-232 
I/O 


IEEE-488 
I/O  (GPIB) 


A- 


V 


BUS-1555 
ERROR-DETECTING 
 DECODER 


REAL-TIME 
MONITOR 


FIGURE  1.  BUS-68005  BLOCK  DIAGRAM 


PARAMETER 

VALUE 

DATA  BUS  INTERFACE 

Channels 
Coupling 

Transmitter 
Output  Voltage 

Rise/Fall  Time 
Output  Noise 
Receiver 
Input  Voltage 
Input  Impedance 
Threshold  Level 
CMRR 

2  (user  selectable) 
Direct  (front  panel)  or  stub 
(rear  panel) 

Programmable:  0  to  9.75Vpp 
nominal  with  1  part  in  256 
resolution 

200+20ns 

10mVpp  max  (differential) 

40Vpp  max  (differential) 
4K  Omin  (differential) 
1Vpp  typ  (direct  coupled) 
40db  min 

BUS  CONTROLLER  MODE 

Message  Formats  (1) 

Message  Repetition 

MOQGsnoc  Dor  Pramc 
ivitrsiay cd  rci  riamt; 

Words  Per  Message 
Intermessage  Gap 
Frame  Time 

RTtoBC.  BC  to  RT,  RTtoRT 
(with  Mode  Code  and 
Broadcast) 

Single,  Repeat,  or  Halt  after  a 
programmable  number  (1  to 
99)  of  Errors 

Programmable  1  to  8 

Programmable  1  to  49 

Programmable  7  to  2047  jusec 

Programmable  2  to  500  ms 

REMOTE  TERMINAL  MODE 

Message  Formats  (2) 

Message  Repetition 

Simulated  RTUs 
Response  Time 
Address 

RT  to  BC.  BC  to  RT,  RT  to  RT 
with  Mode  Code  and 
Broadcast 

Single  (1  to  8  messages)  or 

Cnntirn  im 

wUI  llll  IUUUO 

Programmable  1  to  8 
Programmable  6  to  31  £/sec. 
Programmable  0  to  31 

REAL-TIME  MONITOR  PORT 

Interface  Bus  Width 
Outputs 

Inputs 

8.  16.  32  bit  selectable 
1 6-Bit  Data 
Transmit/Receive 
Data/Command  Sync 
Valid  Word 
Word  Errors 
Block  Address 
RT  Trigger  Word 
Message  Fault  Indicator 
"Real-Time"  Siqnals 
Tri-State  Enables 

Notes: 

(1)  In  BC  mode,  unit  can  simulate  BC  and  one  RT.  for  RT  to 


RT  transfer. 

(2)  In  RT  mode,  unit  can  simulate  transmitting  and/or  receiving  RTs 
for  an  RT  to  RT  transfer. 

GENERAL 

As  a  Bus  Controller,  the  BUS-68005  controls  the  command/ 
response  data  transfer  with  one  or  more  RTUs.  Messages  are 
loaded  either  manually  or  remotely  and  can  be  programmed 
to  contain  errors  such  as  Manchester  coding,  parity,  sync, 
high  or  low  bit  count,  word  count,  word  gap,  message  gap. 
and  zero-crossing  deviation.  Up  to  8  messages  of  49  words 
each  may  be  loaded  at  one  time.  Intermessage  gap  can  be 
selected  from  7  to  2047  microseconds,  in  1  microsecond 
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ERRORS  GENERATED 

Manchester  Error 

Any  bit  position 

Parity  Error 

Any  word 

Hinh  nr  I  nw  Rit  (~^mint 

Any  word.  —1.  +1.  +2  bits 

Sync  Type  Error 

Command  or  Data  Word 

Sync  Field  Error 

Incorrect  first,  third,  fourth 

or  sixth  500nsec  time 

"window" 

Word  Ran  Frrnr 

H'WIU  *vJdLJ  1-1  1  Ul 

1  ifcpr  nan  hptwppn  ftth  and 

9th  data  bits 

Message  Gap  Error 

2  fjsec  gap  between  end  of 

current  word  to  start  of  next 

word 

Zero-Crossing  Deviation  Error 

"Start  of  bit"  time  to  "mid-bit" 

zero  crossing:  selectable 

31 2.5, 375, 625, 687.5ns,  any 

(single)  data  bit  position 

High  or  Low  Word  Count 

Any  message 

Response  Time  Error 

Any  message 

Format  Error 

I  ncorrect  T/R  bit  any  message 

ERRORS  DETECTED 

Manchester  Error 

Parity  Error 

Bit  Count  Error 

Word  Count  Error 

fivnr  Tvnp  Frrnr 

Rpcnnn^p  Timpmit 
nuo^uncic  i  inivuUi 

Programmable,  5  to  32  jusec 

Early  Response  Error 

Less  than  Aysec.  per 

MIL-STD-1553B 

Transmitter  Timeout 

800  ^isec 

REMOTE  INTERFACES 

8-Bit  Parallel  (3-State) 

IEEE-488  (DMA  Port) 

Standard  on  BUS-68005 

RS-232 

AC  POWER  INPUT 

Voltage 

115V/230V±10%  (switch 

selectable) 

Power 

60VA  max 

Frequency 

47-63  Hz 

OPERATING  TEMPERATURE 

RANGE 

0°C  to  +70°  C 

MECHANICAL 

Outline 

3.47  x  14.5  x  17.0  inches 

(9.0  x  37  x  43.2)  cm 

Mounting 

Bench  or  full  rack,  standard 

WEIGHT 

18  lbs  (8.2kg) 

steps.  The  BUS-68005  evaluates  the  response  to  each 
command,  and  flags  and  displays  errors  such  as  response 
time,  continuity,  fail-safe  timeout,  Manchester  coding,  sync, 
parity,  and  high  or  low  bit  count  or  word  count. 
In  the  Bus  Controller  mode,  the  BUS-68005  implements  BC 
to  RT,  RT  to  BC,  and  RT  to  RT  message  transfer  formats. 
Each  format  may  include  broadcast  or  mode  code 
commands.  Furthermore,  the  Exerciser  can  be  configured  to 
simulate  both  the  BC  and  one  of  the  RTUs  in  an  RT  to  RT 
transfer.  Commands  and  responses  are  stored  in  the 
BUS-68005  internal  RAM,  and  may  be  viewed  word  by  word  by 
means  of  the  10  character  front  panel  alphanumeric  display 
or  the  remote  I/O  ports. 
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As  a  Remote  Terminal  Unit,  the  BUS-68005  receives, 
validates,  and  stores  data  bus  commands  containing  its 
(programmable)  addresses.  Up  to  8  RTUs  can  be  simulated 
at  one  time.  Each  simulated  RT  address  may  be  mapped  to 
one  or  more  Exerciser  memory  blocks,  allowing  the 
Exerciser  to  transmit  or  receive  multiple  messages  for  the 
same  RT  in  real-time.  It  responds  to  commands  with  status 
and  data,  as  appropriate.  Note  that  Status  Words  default  to 
Clear  Status  via  internal  software,  they  may  also  be  user  pro- 
grammed. Response  time  can  be  programmed  from  6  to  31 
microseconds,  in  1  microsecond  steps.  Up  to  8  messages  of  49 
words  each  may  be  stored  at  one  time  in  the  BUS-68005  inter- 
nal RAM.  These  messages  may  be  accessed  via  the  keyboard 
for  viewing  on  the  front  panel  alphanumeric  display. 

In  the  Remote  Terminal  Unit  mode,  the  BUS-68005  evaluates 
each  command,  and  flags  and  displays  errors,  such  as 
format,  response  timeout,  fail-safe  timeout,  Manchester 
coding,  parity,  sync,  and  high  or  low  bit  count  or  word  count. 

The  Exerciser  also  includes  a  real-time  monitor  output  port. 
In  addition  to  providing  a  16-bit  parallel  representation  of 
each  1553  word  as  it  is  transmitted  or  received  in  real-time, 
this  port  also  provides  indications  of  sync  type,  data 
direction,  word  errors,  RT/Monitor  "trigger"  word  flag, 
Exerciser  message  block  number,  and  many  other  signals 
that  may  be  used  in  various  testing  situations.  The  real-time 
monitor  port  may  be  utilized  as  either  a  passive  monitor 
interface  or  as  a  high-speed  parallel  "window"  to  the  BUS 
when  the  Exerciser  is  operating  in  either  BC  or  RT  mode. 

Another  feature  included  to  support  "real-time"  operation  is 
DMA  capability  for  the  IEEE-488  (GPIB)  interface.  This 
provides  a  direct,  high-speed  parallel  link  between  a  host 
computer  with  a  DMA  GPIB  and  the  Exerciser's  "message" 
and  "trigger"  RAMS. 

The  BUS-68005  is  packaged  in  a  3.47  x  14.5  x  17.0  inch 
enclosure  with  a  handle  that  can  be  used  as  a  tilt-stand.  It 
operates  from  either  115VAC  or  230VAC  47-63HZ  power. 
With  its  flexible  manual  or  remote  programmability  and  its 
error  generation  and  detection,  the  BUS-68005  is  ideal  for 
simulation  of  Bus  Controllers  or  Remote  Terminal  Units  for 
bench,  field,  or  factory  test  applications. 

SET-UP  PROCEDURE 

In  order  to  insure  correct  operation  of  the  BUS-68005,  the 
following  step-by-step  set-up  procedure  is  recommended: 

( 1 )  Set  the  VOLTAGE  SELECT  switch  on  the  rear  panel 
of  the  BUS-68005  to  the  correct  line  voltage 
(115VAC  or  230VAC)  and  connect  the  line  cord  to 
connector  J1. 

(2)  Figure  2(a)  shows  The  BUS-68005  connections  per 
MIL-STD-1553  and  figure  2(b)  illustrates  non- 
system  type  testing.  For  MIL-STD-1553  applica- 
tions, connect  the  triax  cable(s)  to  Channel  A  and 
Channel  B  connectors  (CH.  A  and  CH.  B  on  the 
front  and  rear  panels).  Direct  coupled  data  bus  con- 
nections are  made  to  the  front  panel  connectors  and 
stub  coupled  data  bus  connections  are  made  to  the 
rear  panel.  For  non-system  type  testing,  a  35  Ohm 
resistor  across  the  DATA  and  DATA  *  terminals  may 
be  used. 


(3)  Connect  J2  (Parallel  I/O),  J3  (RS-232),  and/or  J4 
(IEEE-488)  remote  interface  cables  to  the  rear 
panel  connectors.  Set  I/O  SELECT  switch  S8. 

(4)  Connect  REAL-TIME  MONITOR/TRIGGER  cable 
to  J15. 

(5)  Plug  in  the  line  cord  and  set  the  POWER  switch  to 
ON. 

(6)  Observe  the  front  panel  display  indications: 

DISPLAY  LEDS  INTERVAL 

RANDOM  RANDOM  1  second 
BLANK  OFF         1  second 

88  88  8868  88    ON  1  second 

PASS  OFF         1  second 

  XX "  1  second 

IT  01  0840  00  DEFAULT  FIXED 
•indicates  software  revision  level 

The  BUS-68005  performs  a  complete  internal  self- 
test  upon  power  turn-on.  First,  the  front  panel 
display  and  LEDs  are  checked,  then  a  wraparound 
test  is  performed  which  checks  1553  encoder, 
decoder,  PROM,  and  RAM. 

After  the  PASS  indication  appears,  the  display  and 
LEDs  show  the  power-on  default  state  of  the  BUS- 
68005.  The  LEDs  show  Local  operation  in  the  BC 
mode,  with  "Single"  Frame  Operation.  The  display 
shows  Block  1,  with  Transmit  Direction,  Word  1, 
default  command  word,  and  no  errors  injected.  The 
default  command  word  (0840)  is  a  receive  command 
for  32  words  to  RTU  address  #1  and  subaddress  #2. 

In  the  event  that  the  power-on  self-test  yields  a 
failure,  the  display  will  be  fixed  with  a  FAIL  indica- 
tion and  a  two  digit  error  code.  The  meaning  of  the 
error  codes  is  as  follows: 

ERROR 

CODE  FAILURE  

40  Encoder/decoder  wraparound  test 

20  RT  trigger  RAM  test 

10  Message  RAM  test 

08  RPOM  #4  checksum 

04  PROM  #3  checksum 

02  PROM  #2  checksum 

01  PROM  #1  checksum 


Troubleshooting  procedures  are  detailed  in  the 
BUS-68005  Instruction  Manual.  Also  included  is  an 
internal  diagnostic  software  routine  for  use  in  the 
event  of  a  failure  of  the  encoder/decoder  wrap- 
around test.  If  it  is  desired  to  isolate  the  source  of 
the  self-test  failure,  or  to  program  the  BUS-68005 
after  a  self-test  failure  has  occurred,  the  CLR  key 
must   be   depressed   to   reset  the  instrument. 
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MANUAL  PROGRAMMING 

Manual  programming  of  the  BUS-68005  Exerciser  is  a 
straightforward  operation  that  is  illustrated  in  Figure  3,  Flow 
Diagram. 

A  functional  description  of  each  programming  key  is  listed  in 
Table  2.  Table  3  lists  the  message  formats  and  their 
corresponding  two  digit  entries,  which  are  used  as  part  of  the 
CNTL  FRMT  key  entry  sequence  programming.  Table  4, 
Transmitted  Word  Errors,  is  a  chart  indicating  how  to  program 
the  8-bit  "Error"  byte,  (PROG  key  entry)  and  the  8-bit  "Error 
Mod'fier"  byte  (ER  BP  key  entry)  in  order  to'  induce  various 
word  error  conditions.  Table  5  is  a  chart  of  error  codes,  which 
are  displayed  on  the  front  panel  as  part  of  the  READ  key 
sequence  when  checking  the  BUS-68005  internal  memory. 
Figure  5,  Timing  Diagram  (BC  Mode)  shows  a  typical 
message  block  and  frame  repetition. 


BUS-68005  OPERATION 

UNDER  HOST  COMPUTER  CONTROL 

All  BUS-68005  functions  controlled  by  the  front  panel  may  be 
programmed  from  a  host  computer  using  any  of  the  three 
remote  I/O  interfaces.  The  BUS-68005  remote  I/O  command 
set  is  divided  into  three  major  subgroupings.  This  allows  the 
user  to  mix  or  match,  depending  on  application,  between  ease 
of  programmability  and  maximum  throughput  speed.  The 
three  major  subgroupings  are  as  follows: 

(1)  Low  Speed  Commands.  A  set  of  33 commands  each 
containing  a  two-letter  ASCII  mnemonic,  and,  for  15 
commands,  either  alpha,  HEX,  or  decimal  ASCII 
data.  The  Low  Speed  commands  provide  full  control 
of  all  BUS-68005  functions  and  user-friendly  inter- 
active operation  using  a  dumb  RS-232  CRT 
terminal. 

(2)  High  Speed  Commands.  A  set  of  four  commands 
each  containing  a  single  character  ASCII  mne- 
monic. In  two  of  the  commands,  the  character  is 
followed  by  parameters  and  data  formatted  in 
binary  bytes.  Two  commands  provide  run/halt  con- 
trol for  the  BUS-68005  1553  processor.  The  other 
two  provide  a  pseudo  (software)  DMA  mechanism 
for  transferring  blocks  of  message  data  between  the 
host  computer  (using  any  I/O  port)  and  the  BUS- 
68005  message  RAM. 

Using  the  IEEE-488  (GPIB)  interface,  the  total  time 
required  to  invoke  a  high-speed  GO!  command, 
defined  as  the  time  from  the  start  of  the  GPIB 
handshake  sequence  to  the  start  of  BC  trans- 
mission on  the  1553  Bus.  is  approximately  2.5  ms. 


(3)  IEEE-488  DMA  Commands  Two  commands  which 
use  the  BUS-68005  IEEE-488  port's  DMA  capability. 
The  host  computer  can  directly  access  memory  and 
registers  in  the  BUS-68005's  1553  processor;  this 
allows  the  I/O  data  path  to  bypass  the  BUS-68005's 
internal  microprocessor  The  only  part  of  a  DMA 
input  or  output  command  string  that  is  handled  as 
programmed  I/O  is  the  first  five  bytes  of  each  com- 
mand. The  bytes  are  used  for  specifying  data  direc- 
tion, starting  address  and  byte  count  for  the 
BUS-68005  DMA  controller.  Using  DMA,  it  is  possi- 
ble to  write  and  read  messages  and  control  data  to 
memory  and  the  BUS-68005  registers  which  control 
functions  such  as:  transmitter  amplitude,  mode,  RT 
address,  response  time-out,  and  run/halt  control. 
All  parameters  unique  to  individual  messages  such 
as  data  word  count,  format,  response  time,  inter- 
message  gap  time,  (BC  mode),  and  block  linking 
information  (RT  mode)  may  be  written  to  the  first 
word  loction  (control  word)  of  each  message  block. 
Words  to  be  transmitted  and  received  on  the  1553 
bus  are  stored  in  the  subsequent  contiguous  loca- 
tions in  the  message  block.  The  BUS-68005  DMA 
operations  are  implemented  as  halt  burst  transfers. 
That  is,  following  the  DMA  command  header,  the 
specified  number  of  bytes  are  written  to  or  read  from 
the  BUS-68005  64K  address  space.  There  is  also  an 
embedded  DMA  timeout  mechanism  that  prevents 
the  instrument  from  locking-up  in  the  event  of  any 
incomplete  DMA  transfer  burst. 

The  timing  for  the  IEEE-488  DMA  transfer  burst 
is  1.2ms  Header  time  (per  input  or  output  burst), 
plus  approximately  8.5£is  per  byte  for  input  data,  or 
3.5/us  per  byte  for  output  data.  Assuming  a  600KHZ 
GPIB  controller,  this  result  in  total  byte  transfer 
times  of  10/US  for  input  data  and  5//s  for  output 
data. 


BUS  SWITCHING  TEST 

Two  68005's  may  be  used  to  perform  the  "Bus  Switching"  test 
for  dual  redundant  remote  terminals,  as  required  by  the 
SAE-9A  Production  Test  Plan.  By  means  of  the  simple  three- 
wire  interface  illustrated  in  figure  4,  it  is  possible  to 
synchronize  the  start  of  bus  activity  for  the  two  instruments. 
Under  either  keyboard  or  remote  I/O  control,  the  delay  time 
interval  from  the  start  of  Channel  A  Bus  activity  to  the  start  of 
Channel  B  Bus  activity  (or  vice-versa)  may  be  programmed 
to  be  anywhere  in  the  range  from  0  to  2040  microseconds,  in  1 
microsecond  steps.  By  using  a  simple  three-wire  interface 
shown  in  figure  4  (a)  and  4  (c),  it  is  possible  to  synchronize  the 
start  of  bus  activity  for  the  two  instruments.  Under  either  key- 
board or  remote  I/O  control,  the  delay  time  interval  from  the 
start  of  Channel  A  Bus  activity  to  the  start  of  Channel  B  Bus 
activity  (or  vice-versa)  may  be  programmed  to  be  anywhere  in 
the  range  from  0  to  2040  microseconds  in  1  microsecond 
steps.  It  is  also  possible  to  implement  the  Bus  Switching  Test 
by  using  one  BUS-68005  and  one  BUS-68015  Noise  Tester, 
shown,  in  figure  4  (b). 
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A.  BUS-68005  connection  per  MIL-STD-1553. 
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S.  BUS-68005  simplified  connection  tor  non-system  type  test  (eg  lab  bench). 
FIGURE  2.  BUS-68005  INTERCONNECTION  DIAGRAM 
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CNTL  T/OUT'" 
DIGIT/DIGIT 
ENT 


CNTL/HLTR13' 
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CNTt/TRIG'" 
DIGIT 
ENT 


CNTL  /MS  CT 
DIGIT 
ENT 


CNTL/FRTM*' 
DIGIT/DIGIT/DIGIT 
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CNTRL/FRMT 
DIGIT/DIGIT 
ENT 


PROG 
DIGIT  DIGIT  DIGIT 
DIGIT  DIGIT  DIGIT 
ENT 


CNTL/ERBP" 
DIGIT/DIGIT 
ENT 

NEXTWOftD 

CNTL/RESP 
DIGIT/DIGIT 
ENT 


NEXT  BLOCK 


CNTL/IMG"' 
DIGIT/DIGIT/DIGtT 
ENT 


CNTL/RTAD 
DIGIT/DIGIT 
DIGIT/DIGIT 
ENT 


CNTL/WDCT 
DIGIT/DIGIT 
ENT 


READ'*' 
DIGIT/DIGIT/DIGIT 
ENT 


PROG 
DIG  IT/DIGIT/DIG  IT 
DIGIT'OIGIT/DIGIT 
ENT 


CNTL/RESP 
DIGIT/DIGIT 
ENT 


NOTES 

(1)  Optional  entry  Default  condition  for  transmitter  level  is  171  (approx- 
imately S.SVpp).  with  channel  A  as  the  active  BUS 

(2)  Optional  entry  Default  condition  tot  REPLY  timeout  s  15 microseconds 

(3)  Optional  entry  Default  condition  tor  HALT-ON -ERROR  s  "0  .  meaning 
continuous  operation  without  nalt-on-error 

(4)  Optional  entry  Default  conditions  for  TRIGGER  is"V.  indicating  normal 

internal''  triggering 

(5)  Optional  entry  Frame  lime  default  condition  is  10  milliseconds 

t&)  Optional  entry  Error  modifier  default  conditon  a  00  for  first  word  of 

each  block  and  06  for  succeeding  words 
(71  Optional  entry  Response  lime  default  condition  a  5  microseconds 

(8)  Optonai  entry  Inter  message  gap  default  condition  is  7  microseconds 

(9)  Enter  the  block  number  and  word  number  of  the  first  RTU  transmit  word 


NEXT  BLOCK 


FIGURE  3.  MANUAL  PROGRAMMING  FLOW  DIAGRAM 
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TABLE  2.  KEYBOARD  AND  DISPLAY  FUNCTIONS 

KEY  SEQUENCE 

FUNCTION 

DISPLAY /INDICATION 

CNTL  LOC 

Sets  Local  mode  of  Exerciser  control. 

LOCAL  indicator  liqhts 

CNTL  MODE 

Selects  BC  or  RT  with  alternating  activation  of  MODE  key. 

BC  or  RT  indicator  lights  in  coincidence  with  the  MODE 
key's  state. 

CNTL  SN  RP 

Selects  single  or  repeat  mode  of  operation  with  alternating 
activation  of  SN  RP  key. 

SINGLE  or  REPEAT  indicator  lights  in  coincidence  with 
the  SN  RP  key's  state. 

CNTL  FRMT 
DIGIT 
DIGIT 
ENT 

Information  transfer  format  for  a  given  block  is  selected 
with  2  (HEX)  digits.  See  table  3. 

The  4-digit  (HEX)  display  will  indicat  the  one  or  two-digit 
format. 

CNTL  RTAD 
D  or  E  or  C 

0  or  1 

DIGIT 

DIGIT 

DIGIT 

ENT 

Used  only  in  RTU  mode.  The  RT  address  for  a  given 
message  block  is  programmed.  The  1st  digit  Enables  (E)  or 
Disables  (D)  the  current  block  or  disables  all  eight 
message  block  (C).  The  2nd  digit  specifies  whether  to 
trigger  on  a  Transmit  (1)  or  Receive  (0)  Command  Word. 
The  3rd  and  4th  digits  specify  the  2-digit  (decimal)  RT 
address  (00  to  31).  The  5th  digit  specifies  the  number  of 
"linked  to"  memory  blocks.  This  allows  the  Exerciser  to 
respond    by   transmitting/receiving    from   a  specified 
sequence  of  memory  blocks,  each  successive  time  that  a 
command  is  directed  to  a  given  RT  address. 

The  4-digit  (HEX)  DATA  selection  of  the  16-BIT  DATA 
field  will  show  entered  RT  address  information.  The  first 
digit  of  the  ERROR  CODE  field  will  indicate  the  number 
of  the  "linked  to"  memory  block. 

CNTL  RESP 
DIGIT 
DIGIT 

Simulated  RT  response  time  is  entered  as  2-digits 
(decimal).  The  allowable  range  for  response  time  is  from 
5  to  32  Aisec. 

The  4-digit  (HEX)  data  section  of  the  16-BIT  DATA  will 
indicate  the  1  or  2-digit  response  time  in  microseconds. 

CNTL  IMG 
DIGIT 
DIGIT 
ENT 

Used  only  in  the  BC  mode.  The  Intermessage  Gap  time 
preceding  a  given  message  block  is  entered  as  3  (decimal) 
digits.  Allowable  range  is  from  7  to  2047 /jsec.  See  Figure  4. 
Block/Frame  Timing  Diagram. 

The  4-digit  (HEX)  data  section  of  the  1 6-BIT  DATA  field  will 
indicate  2  or  3  (decimal)  digit  Intermessage  Gap  time  in 
microseconds. 

CNTL  WD  CT 
DIGIT 
DIGIT 
ENT 

The  data  word  count  for  a  given  message  block  is  entered 
as  2  (decimal)  digits.  For  RT  mode,  this  parameter  must  be 
programmed.  For  BC  mode,  word  count  defaults  to  the 
correct  value  if  unspecified.  Allowable  range  for  Word 
Count  is  from  0  to  45  words. 

The  4  digit  (HEX)  data  section  of  the  16-BIT  DATA  field  will 
indicate  the  1  or  2-digit  data  word  count. 

CNTL  ER  BP 
DIGIT 
DIGIT 
ENT 

The  "Error  Modifier"  information  for  word  gap.  message 
gap,  zero~crossing  deviation  Manchester  and  sync  field 
errors  are  entered  as  2  (HEX)  digits.  Refer  to  Table  4  for 
"Error  Modifer"  Coding. 

The  Block  and  Word  number  are  displayed  in  their  normal 
positions.  The  1  or  2-digit  (HEX)  error  modifier  code  will 
appear  in  the  4-digit  (HEX)  data  section  of  the  16-BIT 
DATA  field. 

CNTL  FR  TM 
DIGIT 
DIGIT 
DIGIT 

Used  in  BC  mode  only.  The  Frame  Time  or  overall 
repetition  time  for  a  series  of  messages  to  be  executed  is 
entered  as  3  (decimal)  digits.  The  allowable  range  for 
Frame  Time  is  2  to  500msec.  See  Figure  4.  Block/Frame 
Timing  Diagram. 

The  4-digit  (HEX)  data  section  of  the  16-BIT  DATA  field 
will  display  the  entered  data. 

CNTL  PRNT 

A  user  friendly  message  .  conveying  all  information  about 
the  current  message  block  is  outputted  via  the  instrument's 
RS-232  port.  It  may  be  displayed  on  a  CRT  or  a  hard  copy 
may  be  printed  if  configured  with  the  I/O  port. 

No  change  from  previous  indication. 

CNTL  MS  CT 
DIGIT 
ENT 

The  number  of  message  (blocks)  to  be  processed  is 
specified.  The  allowable  message  count  is  1  to  8.  "Message 
Count"  indicates  the  number  of  blocks  per  frame  in  the 
BC  MODE,  and  the  total  number  of  messages  to  be 
processed  for  "single"  RT  mode. 

The  4-digit  (HEX)  data  section  of  the  16-BIT  DATA  field 
will  display  the  entered  Message  Count  information 

CLR 

Clear  function  (terminates  data  or  parameter  entry).  Also 
used  to  enable  instrument  operation  in  the  event  of  Self- 
Test  failure  at  power  turn-on. 

The  display  reverts  back  to  its  previous  state. 

NEXT  WORD 

The  current  WORD  NUMBER  field  (within  the  current 
block)  is  incremented  by  one.  If  the  current  word  is  the  last 
word  in  the  block,  the  next  word  becomes  the  first  word  of 
the  current  block.  NEXT  WORD  is  also  used  in  conjunction 
with  the  PROG  key. 

The  next  (or  first)  word  in  the  message  block  is  displayed  in 
the  BLOCK.  DIR.  WORD  NUMBER.  16-BIT  DATA,  and 
ERROR  CODE  fields. 
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TABLE  2.  KEYBOARD  AND  DISPLAY  FUNCTIONS  (CONTINUED) 

KEY  SEQUENCE 

FUNCTION 

DISPLAY/INDICATION 

NEXT  BLOCK 

The  BLOCK  field  is  incremented  to  the  next  highest  block 
or  to  block  1  if  the  current  block  number  is  8.  The  Word 
Number  field  then  displays  the  first  word  of  the  new 
current  block. 

The  first  word  of  the  new  current  block  is  displayed  in  the 
BLOCK.  DIR,  WORD  NUMBER,  16-BIT  DATA,  and 
ERROR  CODE  fields. 

PROG 
DIGIT 

DIGIT 

NEXT  WORD 
DIGIT 

DIGIT 
ENT 

The  data  contents  and  error  codes  of  the  current  word,  or 
successive  words  within  a  message  block  are 
programmed.  Multiple  words  are  separated  by  a  NEXT 
WORD  key  entry.  ENT  terminates  entry  of  the  string  of 
words.  If  the  entry  code  for  a  given  string  is  four  (HEX) 
digits  or  less,  the  string  represents  right  justified  data  only, 
with  the  Error  Code  field  defaulting  to  00.  If  programmed, 
the  5th  and  the  6th  (HEX)  digits  represent  the  right 
justified  Error  Code  field  for  that  word. 

The  block  number,  DIR,  WORD  NUMBER.  16-BIT  DATA 
and  ERROR  CODE  fields  for  each  word  will  bedisplayed 
as  entered 

READ 
DIGIT 
DIGIT 
DIGIT 
ENT 

The  READ  command  reviews  a  specific  block  and  word. 
The  block  number  is  specified  by  the  1st  digit  entered. 
The  word  number  within  the  block  specified  by  the  2nd 
digit  (right  justified)  or  2nd  and  3rd  digit  entered. 

The  appropriate  word  is  displayed  from  the  selected 
Block  Number,  including  DIR  bit,  WORD  NUMBER.  16-BIT 
DATA  and  ERROR  CODE.  The  DIR  field  is  decoded  as 
follows: 

T:  Transmit  Word 

R:  Receive  Word 

P:  Word  Pending  Reception 

-:  Unused  Word  Location 

CNTL  SELF  TEST 

Causes  the  instrument  to  perform  its  internal  self-test.  This 
test  exercises  PROM,  Message  and  RT  Trigger  RAMS,  and 
performs  a  wraparound  test  of  MIL-STD-1553  encoder/ 
decoder  circuitry.  Following  self-test,  the  instrument 
re-initializes  to  its  power  turn-on  state:  Bus  Controller 
mode,  Local.  Single  Frame,  and  Single  Block. 

In  sequence: 

( i  }  mm  lcds  DianK  ( i  seconoj 

(2)  All  LEDs  light  (1  second) 

(3)  PASS  or  FAIL  is  displayed  in  the  4-digit  (HEX)  data 
section  of  the  16-BIT  DATA  field.  If  FAIL  is  displayed  a 
2-digit  "Fail  Code"  is  displayed  in  the  ERROR  CODE  field. 

DIGIT 
DIGIT 
DIGIT 
ENT 
ENT 

Relative  transmitter  amplitude  is  programmable  in  the 
range  from  0  to  255.  corresponding  to  approximately  0  to 
9.75Vpp.  direct-coupled  across  35  Ohms. 

"TA  will  be  displayed  in  the  "Block/Direction"  field.  The 
4-digit  (HEX)  data  section  for  the  16-BIT  DATA  field  will 
indicate  the  1 .  2.  or  3-digit  relative  transmitter  amplitude 
as  entered. 

CNTL  TA  CH 

ENT 
A  or  B 

EN' 

The  active  BUS  channel  is  selected  as  either  channel  A 
or  channel  B. 

"Ch"  will  be  displayed  in  the  "BLOCK/DIR"  field.  "-A"  or 
"-B"  will  be  displayed  in  the  "WORD  NO."  field  as 
programmed. 

CNTL  HLTER 
DIGIT 
DIGIT 
ENT 

The  "HALT-ON-ERROR"  parameter  is  entered  as  a  2-digit 
decimal  number  from  0  to  99.  An  entry  of  0  specifies 
continuous  operation  without  halt-on-error.  An  entry  of  1 
to  99  indicates  to  halt  following  the  occurrence  of  the 
specified  number  of  errors.  (BC  mode  only.) 

"HE"  will  be  displayed  in  the  "BLOCK/DIR"  field.  The  4- 
digit  (HEX)  data  selection  of  the  16-BIT  DATA  field 
will  display  the  entered  data. 

CNTL  T/OUT 
DIGIT 
DIGIT 
ENT 

The  RT  response  timeout  interval  (MIL-STD-1553B 
definition)  is  programmable  over  the  range  from  5  to  32 
microseconds,  in  1  microsecond  steps. 

"TO"  will  be  displayed  in  the  "BLOCK/DIR"  field.  The  4 
digit  (HEX)  data  selection  of  the  16-BIT  DATA  field  will 
display  the  entered  data. 

CNTL  TRIG 
1  or  E 
ENT 

In  order  to  enable  "External"  triggering  (usually  from 
another  BUS-68005)  of  the  Exerciser  to  synchronize  the 
start  of  BC  transmission,  specify  "E".  To  enable  normal 
"internal"  triggering,  specify  "1". 

"TG"  will  be  displayed  in  the  "BLOCK/DIR"  field.  "1 "  or 
"E".  as  programmed,  will  be  displayed  in  the  last  digit  of 
the  16-BIT  DATA  field. 
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TABLE  3.  MESSAGE  FORMAT  [CNTL/FRMT]  KEY  ENTRIES 

FORMAT 

MODE 

FORMAT 

SIMULATION 

00'" 

BC 

RT  to  BC  or  BC  to  RT 

BC 

RTU 

RT  to  BC  or  BC  to  RT 

RTU 

Of2' 

BC 

RT  to  RT 

BC 

RTU 

RT  to  RT 

RTU(TX) 

02* 

BC 

RT  to  RT 

BC  and  RTU(TX) 

RTU 

RT  to  RT 

RTU(TX)  and  RTU(RX) 

03'2' 

BC 

RT  to  RT 

BC  and  RTU(RX) 

RTU 

RT  to  RT 

RTU(RX) 

04 

BC 

MODE  CODE 

BC 

RTU 

MODE  CODE 

RTU 

08 

BC 

BROADCAST 

BC 

RTU 

BROADCAST 

RTU(RX) 

09 

BC 

BROADCAST  and  RT  to  RT 

BC 

RTU 

BROADCAST  and  RT  to  RT 

RTU(TX) 

OA 

BC 

BROADCAST  and  RT  to  RT 

BC  and  RTU(TX) 

RTU 

BROADCAST  and  RT  to  RT 

RTU(TX)  and  RTU(RX) 

0B 

BC 

BROADCAST  and  RT  to  RT 

BC  and  RTU(RX) 

RTU 

BROADCAST  and  RT  to  RT 

RTU(RX) 

OC 

BC 

BROADCAST  and  MODE  CODE 

BC 

RTU 

BROADCAST  and  MODE  CODE 

RTU(RX) 

10'3' 

BC 

T/R  FORMAT  REVERSAL  ERROR 

BC 

RTU 

T/R  FORMAT  REVERSAL  ERROR 

RTU 

20"" 

BC 

SELF  TEST 

NONE 

Notes: 

(1)  In  the  BC  mode.-  the  T/R  bit  of  the 
Command  Word  determines  whether 
the  BUS-68005  transmits  or  receives 
data.  In  the  RTU  mode  the  T/R  bit  of  the 
programmed  5  (decimal)  digit 
CNTL/RT  AD  word  determines 
whether  the  BUS-68005  transmits  or 
receives  data. 

(2)  In  an  RT  to  RT  message  format, 
when  the  BUS-68005  is  in  the  RTU 
mode,  the  T/R  bit  of  the  programmed  4 
(decimal)  digit  CNTL/RT  AD  word  must 
be  set  to  logic  "0"  (Receive). 

(3)  In  the  BC  mode,  the  Bus-68005 
transmits  the  Command  Word  and  then 
acts  as  if  the  opposite  T/R  bit  condition 
were  true.  In  the  RTU  mode,  the  BUS- 
68005  receives  the  Command  Word  and 
then  acts  as  if  the  opposite  T/R  bit 
condition  were  true. 

(4)  In  the  BC  mode  only,  a  wraparound 
self-test  will  be  implemented  on  mes- 
sage block  no.  1.  The  transmitter  is 
inhibited  and  the  encoder  drives  the 
decoder  directly.  The  last  data  word 
received  is  stored  in  BUS-68005 
memory. 


TABLE  4.  TRANSMITTED  WORD  ERROR  ENTRIES 

"ERROR"  BYTE 
["PROG"  KEY  ENTRY] 

"ERROR  MODIFIER"  BYTE 
["ER  BP"  KEY  ENTRY] 

INDUCED  WORD  ERROR  CONDITION 

40 

20 

10 

08 

04 

02 

01 

40 

20 

10 

08 

04 

02 

01 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

Normal  Word  (No  Errors) 

0 

0 

0 

0 

0 

0 

1 

0 

X 

0 

X 

X 

X 

X 

Long  Word:  1  extra  bit 

0 

0 

0 

0 

0 

0 

1 

0 

X 

1 

X 

X 

X 

X 

Long  Word:  2  extra  bits 

0 

0 

0 

0 

0 

1 

0 

0 

X 

X 

X 

X 

X 

X 

Short  Word:  1  missing  bit 

0 

0 

0 

0 

1 

0 

0 

0 

X 

X 

(MEP-1)* 

Manchester  encoding  error  in  specified  data 

bit  position  Parity  Error 

0 

0 

0 

1 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

Parity  Error 

0 

0 

1 

0 

0 

0 

0 

X 

0 

0 

X 

X 

X 

X 

SYNC 

iTl  0000    (C/S):  00  In  11  (D) 

0 

0 

1 

0 

0 

0 

0 

X 

0 

1 

X 

X 

X 

X 

FIELD 

1111  lOO   (C/S):  0000 fn  (D) 

0 

0 

1 

0 

0 

0 

0 

X 

1 

0 

X 

X 

X 

X 

ERRORS 

Olrnooo  (C/S):  000  rTTloo  (D) 

0 

0 

1 

0 

0 

0 

0 

X 

1 

1 

X 

X 

X 

X 

TTTlooJT  (C/S):  Hop  ITTT  (D) 

0 

1 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

Manchester  encoding  error  in  parity  bit  position 

1 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

Inverted  sync  type  error 

0 

0 

0 

0 

0 

0 

1 

1 

X 

X 

X 

X 

X 

X 

Word  gap  error:  1  ^sec  gap  between  8th  and 

9th  data  bits 

0 

0 

0 

0 

0 

1 

0 

1 

X 

X 

X 

X 

X 

X 

Message  gap  error:  2 //sec  gap  between  current 

word  and  next  word 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

Zero-Crossing 

187.5  nsec  early 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

(ZCDEP-1) 

Deviation  Error 

125.0  nsec  early 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

in  first  half  of 

125.0  nsec  late 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

specified  bit  time 

187.5  nsec  late 

Notes:  (1)  When  programming  from  a  remote  host  computer,  the  Error  Byte  is  programmed  as  the  5th  and  6th  HEX  digits  for  the  current 
word  in  a  "program"  (PG)  command  per  table  9. 

(2)  When  programming  from  a  remote  host  computer,  the  Error  Position  Byte  is  programmed  as  the  two  digit  HEX  parameter  in  an 
"error  position"  (EP)  command  per  table  9. 

(3)  X  indicates  don't  care. 

(4)  'Indicates  that  the  Manchester  encoding  error  or  zero-crossing  deviation  error  will  occur  in  the  data  bit  position  specified  as  one 
greater  than  the  number  indicated  by  the  08.  04,  02.  and  01  bits  of  the  Error  Modifier  Byte. 
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TABLE  5.  DISPLAYED  ERROR  CODES 

[RECEIVED  WORDS] 

DISPLAY  ERROR  CODE 

ERROR 

01 

Long  Word 

02 

Short  Word 

04 

Manchester  Error 

08 

Parity  Error 

10 

Message  Error 

20 

Early  Response  Error 

40 

Incorrect  Sync  Type 

IEEE-488  STANDARD 

Table  7  lists  the  subset  of  IEEE-488-1978  standard  supported 
by  the  BUS-68005.  The  serial  poll  status  byte  and  service 
request  conditions  tor  the  BUS-68005  are  defined  in  table  8. 


TABLE  6.  FRONT  PANEL  INDICATOR  FUNCTION 

INDICATOR 

FUNCTION 

LOCAL 

Indicates  that  the  Local  mode  of  Exerciser 
control  has  been  selected 

REMOTE 

Indicates  that  the  Remote  mode  of  Exer- 
ciser control  has  been  selected. 

BC 

Indicates  that  the  Bus  Controller  mode  of 
Exerciser  operation  has  been  selected. 

RT 

Indicates  that  the  Remote  Terminal  mode 
of  Exerciser  operation  has  been  selected. 

SINGLE 

Indicates  that  the  Single  mode  of  Exerciser 
operation  has  been  selected. 

REPEAT 

Indicates  that  the  Repeat  mode  of  Exer- 
ciser operation  has  been  selected. 

ON-LINE 

Indicates  that  the  Exerciser  is  ready  to 
receive  (RT  mode)  or  is  transmitting  in  the 
Repeat  mode  (BC  mode). 

LINE  ACTIVE 

Indicates  that  there  is  activity  on  the 
selected  1553  data  bus. 

BUS  FAULT 

Indicates  an  error  in  the  word  or  message 
received  from  the  1553  data  bus. 

REPLY  T/OUT 

Indicates  that  a  response  timeout  fault 
or  "early  response"  error  has  occurred. 

XMTR  T/OUT 

Indicates  that  a  800/js  terminal  fail-safe 
timeout  fault  has  occurred. 

TABLE  7.  IEEE-488-1978  INTERFACE  FORMAT 

SH1 

Full  Source  Handshake  Capability. 

AH  1 

Full  Acceptor  Handshake  Capability. 

T6 

Basic  Talk  capabilities  with  Serial  Poll  and 

untalk  if  my  listen  address 

SR1 

Full  Service  Request  Capability. 

RL1 

Full  Remote  Local  Capability  including 

Lockout 

DC1 

Full  Device  Clear  Capability. 

DT1 

Full  Device  Trigger  Capability. 

CO 

No  Controller  Capability. 

TABLE  8.  GPIB  SERVICE  REQUEST  INFORMATION 

SERIAL  POLL  STATUS  BYTE 

BIT 

BIT  INFORMATION 

7  (MSB) 

Input  buffer  (Queue)  full. 

6 

RQS  (Request  for  Service) 

5 

RS-232  error. 

4 

DMA  Timeout. 

3 

High-speed  I/O  error. 

2 

Self-test  failure. 

1 

Error  in  input  command  string. 

0  (LSB) 

1553  message  sequence  completed 

SERVICE  REQUEST  CONDITIONS: 

1.  Input  buffer  (queue)  full. 

2.  Error  in 

input  command  string. 

3.  1553  message  sequence  complete. 

4.  DMA  Timeout. 

•FRAME TIME  ■ 


BLOCK  #1  * 
■  (RTTO  RTTRANSFER) 


RX 

TX 

STATUS 

DATA 

CMD 

CMD 

WORD 

WORDS 

STATUS 
WORD 


— H  h-i     H  h 


-H 


r BLOCK  #2"  _«J 
(BC TO  RTTRANSFER)  ^ 


-BLOCK  #1  


RX 

DATA 

CMD 

WORDS 

STATUS 
WORD 


RX 

TX 

CMD 

CMD 

INTERMESSAGEGAP 


BUS-68005  RTU 
RESPONSE  TIME 


L_   EXTERNAL RTU 
RESPONSE  TIME 

NOTES:  *BC=  BUS-68005,  RTU#1  =  BUS-68005.RTU#2  =  EXTERNAL 
"BC=  BUS-68005,  RTU  =  EXTERNAL 


FIGURE  4.  TIMING  DIAGRAM  [BC  MODE] 
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BUS-68005 
1 


TRIGGER  OUT 

TRIGGER  IN 

TRIGGER  IN 

TRIGGER  OUT 

GND 

GND 

BUS-68005 

2 


BUS  A 


BUSB 


DUAL-REDUNDANT 
R.T.  UNDER  TEST 


(A)  BUS  SWITCHING  TEST  USING  TWO  BUS-68005S 


ATE  HOST 
COMPUTER 


GP1B 


BUS-68005 


TRIGGER  IN 


SYNC  OUT 


GND 


GND 


BUS-68015 


BUS  A 


BUSB 


DUAL-REDUNDANT 
R.T.  UNDER  TEST 


(B)  BUS  SWITCHING  TEST  USING  ONE  BUS-68005  AND  ONE  BUS-68015 


BUS  A  )- 


BUSB  ^ 


BUS  A  ACTIVITY 


)  

BUS  B  ACTIVITY  £ 

BUS  A  TO  BUS  B  DELAY  TIME  INTERVAL  PROGRAMMABLE,  IN  1Msec  STEPS  BY 
MEANS  OF  "INTERMESSAGE  GAP  TIME"  PARAMETER.  THE  RANGE  FOR  THE 
DELAY  TIME  INTERVAL  IS  0  TO  ±2040»isec  USING  TWO  BUS-68005S.  THE  DELAY 
TIME  INTERVAL  USING  ONE  BUS-68005  AND  ONE  BUS-68015  IS  0  TO  -993, 
+ 1 047  /xsec. 

(C)  BUS  SWITCHING  TEST  TIMING 
FIGURE  5.  BUS  SWITCHING  TEST  FOR  DUAL  REDUNDANT  RTUs 
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COMMAND  DEFINITIONS 

Table  9  provides  a  summary  of  the  BUS-68005  I/O  commands. 


TABLE  9.  BUS-68005  REMOTE  I/O  COMMANDS 

LOW  SPEED  COMMANDS 

COMMAND 

FUNCTION 

DESCRIPTION 

Set- Up/ 

BC 

Bus  Controller 

Selects  BC  Mode. 

Mode  Control 

IN 

Initialize 

Initializes  BUS-68005  to  power-on  state. 

MO 

Mode  Select 

Toggles  BUS-68005  between  BC  and  RT  modes;  default  is  BC 

RP 

Repeat  Mode 

Selects  Repeat  mode. 

RT 

Remote  Terminal 

Selects  RT  mode 

SN 

Single  Mode 

Selects  Single  mode. 

SR 

Single/Repeat  Select 

Toggles  BUS-68005  between  Single  and  Repeat  modes  of  operation:  default 
is  Single. 

TGt: 

Trigger  Mode  Select 

Selects  Internal  (1)  or  External  (E)  triggering  of  BUS-68005  message 
sequence:  default  is  Internal 

Instrument 

BFn: 

Blocks  per  Frame 

In  BC  mode,  specifies  the  number  of  messages  to  be  processed  per  frame 

Parameters 

sequence.  In  single  RT  mode,  specifies  the  number  of  messages  to  process 
before  going  off-line.  1<n<8:  default  is  1. 

CHc: 

Channel  Select 

Selects  Channel  A  or  Channel  B  as  the  active  bus  channel:  default  is  A. 

FTfff: 

Frame  Time 

Specifies  frame  time  (BC  message  sequence  repetition  time)  in  milliseconds. 
2<fff<500.  default  is  10.  Minimum  Frame  Time  equals  number  of  messages 
to  be  processed. 

HEee; 

Halt-on-Error 

Specifies  halt-on-error.  BUS-68005  halts  BC  operation  after  ee  errors  have 
occurred.  Halt-on-error  not  implemented  if  ee=0.  00<ee<99:  default  is  00 

NB 

Next  Block 

Causes  BUS-68005  Block  Pointer  (1.2  . .8)  to  be  incremented.  Current  word 
becomes  first  word  of  next  block:  default  is  block  1. 

RDbnn. 

Read 

Causes  BUS-68005  to  return  value  of  word  nn  of  block  b 

TAaaa, 

Transmitter  Amplitude 

Specifies  relative  transmitter  amplitude  from  0  to  10Vpp.  approx.  direct 
coupled  across  35  Ohms:  000<aaa<225.  Default  is  171;  (6.5Vpp.  approx  ) 

TOtt: 

Response  Timeout 

Specifies  time  interval  BUS-68005  waits  for  status  word  response  from  RT 
before  reporting  time  out  error.  Time  is  per  1553B  specification  (mid  parity  of 
preceding  word  to  mid  sync  of  responding  status  word).  Used  in  BC  mode 
and  in  RT  mode  when  BUS-68005  acts  as  receiving  RT  in  an  RT-to-RT 
transfer.  05<tt<32  microseconds:  default  is  15. 

Parameters 

EPmm: 

Error  Position 

Used  with  PG.  Specifies  the  Error  Position  or  Error  Modifier  two-digit  HEX 

For 

byte  for  individual  message  words  which  specifies  word  error  conditions 

Individual 

00<mm<FF  (HEX).  See  table  4. 

Message 

FRff: 

Format 

Specifies  format  for  Current  message.  00<ff<20  (HEX):  default  is  00. 

Blocks 

See  table  3. 

IMiiii: 

Intermessage  Gap  Time 

Specifies  intermessage  gap  time  (time  preceding  start  of  message  in 
microseconds  per  1553  definition)  for  current  block.  7<iiii<2047. 

NW 

Next  Word 

Increments  Block/Word  pointer  to  next  word  pdstion;  contents  of  next  word 
are  returned. 

PGddddee 

Program 

Specifies  4  digit  HEX  data  (dddd)  and  two  digit  HEX  error  codes  (ee)  for 

..ddddee: 

contiguous  command,  status,  and  data  words  to  be  transmitted.  Entries  for 
individual  words  are  separated  by  commas 

RAEdaan:or 

RT  Address 

In  RT  mode,  specifies  data  direction  (d=T  for  transmit.  d  =  R  for  receive). 

RAx:  or 

address  (00<a<31)  and  linked  to  block  (0<n<8)  for  current  message  block 

RAn. 

E  enables  block  for  RT  simulation:  x  =  D  disables  block;  x=C  disables  all  8 
blocks,  n  specifies  the  linked-to  block  number.  Also,  n  may  assume  the  value 
d,  indicating  the  linked  to  block  is  disabled.  Default  is  all  eight  blocks 
disabled. 

RErr: 

Response  Time 

Specifies  response  time  in  microseconds  for  the  Current  block's  simulated 
RT  For  BC  mode  (RT-to-RT  transfer  formats)  5<rr<31:  for  RT  mode 
6<rr<31.  Default  is  5. 

WCnn: 

Word  Count 

Specifies  data  word  count  for  Current  message  In  BC  mode,  word  count 
defaults  to  block  s  command  word  value,  but  may  be  overridden  with  WC 
command.  00<nn<45:  default  is  32. 
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TABLE  9.  BUS-68005  REMOTE  I/O  COM  MAN 

DS  (CONTINUED) 

LOW  SPEED  COMMANDS 

COMMAND 

FUNCTION 

DESCRIPTION 

1553  Processor 
Run  Halt 
Control 

GO 
HA 

GO 
Halt 

In  BC  mode,  initiates  message  frame  sequence  In  RT  mode,  puts 
BUS- 68005  s  enabled  RTs  on-line. 

In  Repeat  BC  mode.  BUS-68005  stops  programmed  message  processing 
following  current  frame:  in  RT  mode.  BUS-68005  goes  off-line  following 
current  message 

Data 

Reporting 

SB 

SS 

Send  Block 
Send  Status 

BUS-68005  returns  all  words  of  current  message  block  in  reply  string 
BUS-68005  returns  status  of  operating  modes  and  parameters  in  its  reply 
string 

BUS-68005  returns  current  word  of  current  block 

SW 

Send  Word 

Display 
Control 
and 

Self-Test 

DD 

DE 
LT 

ST 

Display  Disabled. 

Display  Enabled. 
Lamp  Test. 

Self  Test 

Stops  update  ol  front  panel  display  or  blanks  display  if  DD  is  last  command 

in  command  string  Increases  I  0  throughput  speed. 

Resumes  updating  front  panel  display:  default  is  enabled. 

Blanks  display  for  15  seconds,  fully  lights  display  for  1.5  seconds,  resumes 

previous  display 

Rl  IQ-fiftnn*^  norfnrmc  coll.tocl  nf  POl™IMc    m occ^^q  anH  Innnar  QAMc  mrl 

duo  douuj  peiiumis  seii-iesi  ui  rrii_iivis.  message  ana  Trigger  nMM5.  ana 
front-end  wraparound  (encoder 'decoder)  test  Display  blanks,  lights,  and 
displays  test  results.  Initializes  instrument  to  power-on  state. 

HIGH  SPEED  COMMANDS 

COMMAND 

FUNCTION 

DESCRIPTION 

&bwnd1 

d2...dn 

•bwn 

High  Speed  Input 

High  Speed  Output 

High  Speed  Go 
High  Speed  Stop 

Transfers  n  bytes  from  active  I/O  port  to  message  RAM  Transfer  starts  at 
word  w  of  block  b  b.  w,  n.  and  dl  ..dn  are  binary  bytes.  Four  bytes  are  used 
for  each  control,  command,  status,  or  data  word  in  message  RAM:  (0000 
0001)  <b<(0000  1000):  (0000  0000)<w<  (0011  0001):  (0000  0001)<n<(1100 
1 000)  :70000  0000)  <  (d  1  .  d  n )  <  ( 1 1 1 1~i  1  Tl ) 

Transfers  sequence  of  continuous  bytes  from  message  RAM  to  active  I/O 
port  Reply  string  is  n  binary  bytes  (d1  ..dn)  Parameters  b.  w.  and  n  are  the 
same  for  High  Speed  Input  command. 

BUS-68005  immediately  processes  programmed  message  sequence. 
BUS-68005  immediately  stops  programmed  message  sequence. 

DMA  IEEE-488  COMMANDS 

COMMAND 

FUNCTION 

DESCRIPTION 

>a1  aO 
d  cO  dl 

d2 ..  dn 

<  al  aO 
d  cO 

DMA  Input 
DMA  Output 

Transfers  sequence  of  contiguous  data  bytes,  via  DMA.  from  IEEE-488 
interface  to  BUS-68005  memory  address  locations.  a1,  aO.  c1.  cO.  and  d1...dn 
are  binary  bytes:  a1  and  aO  define  the  DMA  starting  address:  cl  and  cO 
specify  the  number  of  bytes  to  be  transfered:  d1  dn  are  data. 
Transfers  sequence  of  contiguous  data  bytes,  via  DMA.  from  BUS-68005 
memory  address  locations  to  IEEE-488  interface  Parameters  a1.  aO.  C1.  cO. 
and  d  1  dn  are  same  as  DMA  input.  Reply  string  is  n  binary  bytes  d1 
d2...dn.  Followed  by  a  line  feed  character.  <LF>.  with  EOI  asserted. 
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TABLE  10.  J2  PIN  FUNCTIONS  [PARALLEL  I/O] 

PIN 

FUNCTION 

DESCRIPTION 

1 

T7 

MSB  of  8  bit  parallel  trl-state 
I/O  bus 

2 

T6 

Part  of  ft  hit  narallpl  tri-^tatp 

rail  \Jt  <J   U  I  L  )->&  I  a  I  !  C  I    III  OlalC 

I/O  bus 

3 

T5 

Part  of  8  bit  parallGl  tri-stat© 

I/O  bus. 

4 

T4 

Part  of  8  bit  parallel  tri-state 
I/O  bus. 

5 

T3 

Part  of  8  bit  parallel  tri-state 
I/O  bus. 

5 

T2 

Part  nf  ft  hit  narallpl  tri-ctato 
"all  Ul  O  Ull  parallel  lM*bldle 

I/O  bus 

7 

71 

Part  r\f  ft  hit  narallol  tri-ctato 
rail  Ul  O  Ull  (JdidlltM  lil-bldlfci 

I/O  bus 

8 

TO 

LSR  nf  ft  hit  narallpl  tri-^tatp 

LUU  w  1  L>  VJ I L   pal  allCI   U  1  olalc 

I/O  bus. 

9 

READ 

A  LOW  on  this  input  causes 
a  read  data  sequence 

10 

WRITE 

A  LOW  on  this  input  causes 

a  writp  fiata  ^pnnpnrp 

11 

TACK 

A  1  OW  nn  thi<;  nntnnt 

LUYV   Ull   Mild  UULLvUl 

indicates  composite 
transfer  acknowledge. 

12 

SERV  REQ 

A  LOW  on  this  output 
indicates  a  service  request. 

13 

GND 

Digital  ground. 

14 

RACK 

A  LOW  on  this  output 
indicates  data  output 
transfer  acknowledge. 

15 

WACK 

A  LOW  on  this  output 
indicates  data  input 
transfer  acknowledge 

16 

CHASS  GND 

Chassis  ground. 

17 
THRU 

25 

NC 

No  connection. 

TABLE  11.  J3  PIN  FUNCTIONS  [RS-232] 


DIK1 

fin 

ci  iwrnnw 
runu  i  i\jrt 

DESCRIPTION 

1 

rnU  1  OIN  U 

Phoccic  rtfAi  i  n  H 
oridbbio  yruuiiu 

2 

TXD 

Tranem  it  nata  /"i i  itrM  it 
1  IdllbilMl  Udld  UUipUl. 

3 

RXD 

R arc*  n/o  r^^ita  i n m  it 
ncLclVC  L^dld  llipUL. 

RTS 

Poni  icct  t  r\  Conri  oi  itm  it 

ncLJUCbl    IU  OClIU  UUIUUI. 

c 
0 

CTS 

flpar  to  Qpnri  inniit 

Q 

NC 

INU  L>UI  II ICUUUI  1 

7 

SIG  GND 

Signal  ground. 

Q 

DCD 

riata  Parrior  l~lotor,t  inni  it 
Udld  Odiilci  UclcOl  Ifipui. 

9 

THRU 

25 

NC 

No  connection. 

TABLE  1Z  J4  PIN  FUNCTIONS  [IEEE-488] 


PIN 

FUNCTION 

DESCRIPTION 

1 

D101 

LSB  of  8  bit  tri-state  GPIB  bus. 

2 

D102 

Part  of  8  bit  tri-state  GPIB  bus 

3 

D103 

Part  of  8  bit  tri-state  GPIB  bus. 

4 

D104 

Part  of  8  bit  tri-state  GPIB  bus. 

5 

EOI 

End  or  Identify  input/output. 

6 

DAV 

Data  Available  input/output. 

7 

RFD 

Ready  for  Data  input/output. 

8 

DAC 

Data  Accepted  input/output. 

9 

Ifc 

Interface  Clear  input. 

10 

SRQ 

Service  Request  output. 

11 

ATN 

Attention  input. 

12 

CHAS  GND 

Chassis  ground. 

13 

D105 

Part  of  8  bit  tri-state  GPIB  bus. 

14 

D106 

Part  of  8  bit  tri-state  GPIB  bus. 

15 

D107 

Part  of  8  bit  tri-state  GPIB  bus. 

16 

D108 

MSB  of  8  bit  tri-state  GPIB  bus. 

17 

REN 

Remote  Enable  input. 

18 
THRU 
24 

GND 

Digital  ground. 
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TABLE  13.  J15  PIN  FUNCTIONS  [REAL-TIME  MONITOR/TRIGGER  I/O] 

PIN 

FUNCTION 

DESCRIPTION 

MON  XMITR  T/OUT 

INDICATES  "TRANSMITTER"  TIMEOUT  (800  /vSEC)  ERROR  IN  CURRENT  FRAME 

2 

MCN.  f  ADIT  ENABLE 

INPUT:  ENABLES  TRI-STATE  BUFFER  FOR  WORD  FLAG.  BUS  FAULT.  ETC ... 

3 

n  f    i  nivjjvjcn  vvvjnu 

INDICATES  LAST  WORD  RT  "TRIGGER"  WORD 

4 

BLOCK  ADDRESS  2 

(MSB) 

5 

BLOCK  ADDRESS  1 

(INDICATES  CURRENT  EXERCISER  MESSAGE  BLOCK  -1) 

6 

BLOCK  ADDRESS  0 

(LSB) 

7 

MON.  BLOCK  ADDRESS  ENABLE 

INPUT:  ENABLES  TRI-STATE  BUFFER  FOR  RT  TRIGGER  WORD  AND  BLOCK 
ADDRESS 

8 

MON.  FRAME  ENABLE 

INDICATES  EXERCISER  PROCESSING  CURRENT  MESSAGE  FRAME 

9 

MONITOR  BUS  CYCLE  ACTIVE 

INDICATES  EXERCISER  PROCESSING  CURRENT  MESSAGE 

10 

MONITOR  LINE  ACTIVE 

INDICATES  ACTIVITY  ON  -1553  BUS 

11 

MONITOR  ENCODER  CLOCK 

RISING  EDGE  SHIFTS  MANCHESTER  DATA  IN  ENCODER 

12 

TRIGGER  OUTPUT 

USED  TO  SYNCHRONIZE  TWO  BUS-68005S  FOR  DUAL-REDUNDANT 

13 

TRIGGER  INPUT 

OPERATION  (SEE  FIGURE  4) 

14 

MON.  START-OF-MESSAGE 

INDICATES  START  OF  MESSAGE  BEING  PROCESSED  BY  EXERCISER 

15 

MON.  END-OF-MESSAGE 

INDICATES  END  OF  MESSAGE  BEING  PROCESSED  BY  EXERCISER 

16 

GROUND 

SIGNAL  GROUND 

17 

GROUND 

SIGNAL  GROUND 

18 

MON.D2 

(LSB) 

19 

MON.D1 

20 

MON. DO 

21 

MON.  DATA  LO  ENABLE 

INPUT:  ENABLES  TRI-STATE  OUTPUT  BUFFER  FOR  D7-D0 

22 

RECEIVE/TRANSMIT 

INDICATES  DIRECTION  OF  LAST  WORD  TRANSFERRED 

23 

MON.  VALID  /INVALID  WORD 

"VALID"  FLAG  FOR  LAST  WORD 

24 

MON.  DATA/CMD  SYNC 

SYNC  TYPE  INDICATION 

25 

MON.  SYNC  TYPE  ERROR 

INCORRECT  SYNC  TYPE  INDICATION  FOR  RECEIVED  WORDS 

26 

MON.  PARITY  ERROR 

INDICATES  PARITY  ERROR  FOR  LAST  RECEIVED  WORD 

27 

MON.  MANCHESTER  ERROR 

INDICATES  MANCHESTER  ENCODING  ERROR  FOR  LAST  RECEIVED  WORD 

28 

MON.  LO  BIT  COUNT  ERROR 

INDICATES  LOW  BIT  COUNT  ERROR  FOR  LAST  RECEIVED  WORD 

29 

MON.  HI  BIT  COUNT  ERROR 

INDICATES  HIGH  BIT  COUNT  ERROR  FOR  LAST  RECEIVED  WORD 

30 

MON.  ERROR  ENABLE 

INPUT:  ENABLES  TRI-STATE  BUFFER  FOR  RECEIVETRANSMIT.  AND  WORD 
ERROR  OUTPUTS. 

31 

MON.  WORD  FLAG 

ALWAYS  HIGH:  USE  AS  FLAG  BIT  ON  EXTERNAL  MEMORY 

32 

MON.  BUS  FAULT 

INDICATES  WORD  ERROR  OR  WORD  COUNT  ERROR  IN  CURRENT  FRAME 

33 

MON.  REPLY  T/OUT 

INDICATES  RESPONSE  TIMEOUT  ERROR  IN  CURRENT  FRAME 

34 

GROUND 

SIGNAL  GROUND 

35 

GROUND 

SIGNAL  GROUND 

36 

LOAD  PULSE 

125nSEC  NEGATIVE  PULSE  INDICATES  NEW  WORD  IN  OUTPUT  BUFFER 

37 

MON.  D15 

(MSB) 

UPPER  8  BITS  OF  LAST  WORD  ON  -1553  BUS 

38 

MON.  D14 

39 

MON.  D13 

40 

MON.  D12 

41 

MON.  D11 

42 

MON.  D10 

43 

MON.  D9 

44 

MON.  D8 

45 

MON.  DATA  HI  ENABLE 

INPUT:  ENABLES  TRI-STATE  OUTPUT  BUFFER  FOR  D15-D8 

46 

MON.D7 

LOWER  8  BITS  OF  LAST  WORD  ON  -1553  BUS 

47 

MON.D6 

48 

MON.D5 

49 

MON.D4 

50 

MON.D3 
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TABLE  14.  MANUAL  SWITCH/CONTROL  FUNCTIONS 

SWITCH 

FUNCTION 

REMARKS 

RUN 

Thp  ONJ-I  INF  indicator  linhte  nn  snri  thp  Hi^nlaw 

life  V_/ 1  *d  1 —  1  I  I —   N           CI IWI    1  1  y  1  1  Lo  U  \J  al  1 U   lilt;  Li 1  o  \J  1  a  y 

reads  BUSY. 

HALT 

Stops  the  1553  data  bus  message  transfer  cycle. 

The  ON-LINE  indicator  shuts  off  and  the  display 
reads  HALT. 

I/O  SELECT 

Selects  I/O  interface  as  either  Parallel.  IEEE-488 
or  RS-232. 

Rear  panel  switch. 

GPIB  ADDRESS 

Selects  the  Exerciser's  GPIB  (IEEE-488)  address. 

Address  has  5  bits.  Rear  panel  switch. 

POWER 

Turns  on  the  internal  power  supply. 

An  initialization  and  self-test  sequence  is  performed 
immediately  after  power  turn-on. 

VOLTAGE  SELECT 

Selects  1 15V  or  230V AC  line  voltaqe. 

Rear  panel  switch. 

DIMENSIONS  IN  INCHES  (CENTIMETERS) 

17  x  14.5  x  3.47  (43.2  x  37  x  9.0) 


FRONT  PANEL 


DATA  BUS  EXERCISER 


BUS-68005 


BLOCK    DIR         WORD  NO. 


CH  A 


ON-LINE      LINE        BUS       REPLY      XMTR  REPEAT 
POWER  O         O         O         O         O  O 

( ry\  ACTIVE     FAULT     T  OUT      T  OUT 


BEIED 

Hani 

mum  ei 

BBS 

EBB 

jFWTvj  |fWITj  juyijj  | 

BIB 

@LflIil| 

17 
"(43.2) 


3.47 
(9.0) 


VOLTAGE  SELECT 
230V 


HQ 


8-BITPRL  TRSI  O 


EE 


® □□□□ ® 
□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□□□□ 
e □□□□ © 


REAL-TIME  MONITOR/TRIGGER 


I  O  SELECT 

GPIB  GPIB 
PRL  RS-232  1  ADDRESS 

ED  t 

0  MSB  LSB 


REAR  PANEL 
FIGURE  6.  MECHANICAL  OUTLINE 


ORDERING  INFORMATION 

BUS-68005 

Mating  Connector  for  J15  Amphenol  17-10500-1-390 

included. 

1553  Mating  Connector  Trompeter  PL75-47  (2  included). 

Also  included  are  2  rack  adapters  and  hardware  for  full-rack 

mounting. 

c 
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DESCRIPTION 

The  BUS-68010  is  a  low  cost  bench 
top  portable  instrument  for  testing 
and  troubleshooting  MIL-STD-1553 
systems.  Its  price/performance  makes 
it  a  leader  for  Bus  Controller,  Remote 
Terminal  or  Bus  Monitor  simulation 
applications. 

Its  simple  and  flexible  operation  is 
controlled  via  a  24  pad  keyboard,  with 
the  aid  of  a  16  character  alphanumeric 


display.  Packaged  in  a  3.5  x  8.5  x  9.3 
inch  enclosure,  it  features  error  gen- 
eration and  error  detection,  single  or 
repeat  messages,  and  variable  inter- 
message  gap  time.  BC  to  RT,  RT  to 
BC,  RT  to  RT  message  formats  are 
simulated  by  the  BUS-68010. 
The  Data  Bus  Tester's  versatility  and 
small  physical  size  make  it  an  ideal 
choice  for  laboratory  and  field  test- 
ing applications. 


FEATURES 

•  LOW  COST 

•  SMALL  SIZE:  3.5" x  8.5" x  9.3" 

•  FLEXIBLE  OPERATION: 

BUS  CONTROLLER 
REMOTE  TERMINAL 
BUS  MONITOR 

•  PROGRAMMABLE: 

24  PAD  KEYBOARD 

•  ERROR  GENERATION 

•  ERROR  DETECTION 

•  16  CHARACTER 
ALPHANUMERIC  DISPLA  Y 


MICROPROCESSOR 


TRANSCEIVER 


ERROR 
DETECTOR 
DECODER 


0_ 


ERROR 
GENERATOR 
ENCODER 


MESSAGE 
RAM 


KEYBOARD 
AND 
DISPLAY 


TIMING 
AND 
CONTROL 


FIGURE  1.  BUS-68010  BLOCK  DIAGRAM 
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SPECIFICATIONS 

DADA  UETCD 

r  AHAMt  1  fcn 

VALUE 

DATA  BUS  INTERFACE 

Coupling 

Transmitter 
OutputVoltage111 
Rise/Fall  Time 
Output  Noise 

Receiver 
Input  Voltage 
Input  Impedance 
Threshold  Level 
CMRR 

Direct  or  stub 

6Vp.pmin;9Vppmax 
130  nsectyp 

10mVp  D  max  (differential) 

40Vp  p  max  (differential) 
4Kilmin  (differential) 
1VpptYp  (direct  coupled) 
40dBmin 

MESSAGE  CHARACTERISTICS 

Formats 

Repetition 
Words  Per  Message 
IntermessageGap 
RTU  Response  Time 
Address  (Trigger) 
Sync  Output 

RTto  BC.BCto  RT, 

RT(ext)to  RT(ext), 

RT(int)to  RT  (ext) 

Single,  Double  or  Continuous 

Programmable  1  to  40 

Programmable  5  to  1 000  msec 

7.5^tsec 

Programmable  0  to  31 
Drives  10LSTTL  loads 

ERRORS  DETECTED 

Word  Errors 
Incorrect  Sync 
Invalid  Word 

Message  Errors 
Word  Count 
T.'R  Bit  Mismatch 

Manchester  Error,  Parity  Error, 
Word  Length  and  Sync  Errors 

ERRORS  GENERATED 

Word  Errors 

Incorrect  Sync 

Parity  Error 

Short  Word 

Long  Word 
Message  Errors 

Word  Count 

AC  POWER  INPUT 

BUS-68010 
BUS-68011 

115VAC±  10%,  60-440  Hz 
230VAC±5%,47-440Hz 

OPERATING  TEMPERATURE 
RANGE 

0°Cto  +  70°C 

DIMENSIONS 

9.3"x8.5'x3.5" 
(23.6x21.6x8.9)cm 

WEIGHT 

5  lbs  (2.27  kg) 

Notes: 

ID  Output  voltage  direct  coupled  across  35  ohm  load. 

GENERAL 

As  a  Bus  Controller,  the  BUS-68010  controls  the  com- 
mand/response data  transfer  with  one  or  more  RTUs. 
Messages  are  loaded  manually  and  can  be  programmed 
to  contain  errors  such  as  parity,  sync,  and  high  or  low  bit 
count  or  word  count.  Intermessage  gap  can  be  selected 
from  5  to  1000  milliseconds,  in  8  steps.  The  BUS-68010 
evaluates  the  response  to  each  command,  and  detects 
errors  such  as  contiguity,  fail-safe  timeout,  Manchester 
coding,  sync,  parity,  and  high  or  low  bit  count  or  word 
count. 

In  the  Bus  Controller  mode,  the  BUS-68010  implements 
BC  to  RT,  RT  to  BC,  and  RT  to  RT  message  transfer  for- 
mats. Each  format  may  include  broadcast  or  mode  code 
commands.  Furthermore,  it  can  be  configured  to  simu- 
late both  the  BC  and  one  of  the  RTUs  in  an  RTto  RT  trans- 
fer. Commands  and  responses  are  stored  in  the  BUS- 
68010  internal  RAM,  and  may  be  viewed  word  by  word 


by  means  of  the  16  character  front  panel  alphanumeric 
displays. 

As  a  Remote  Terminal  Unit,  the  BUS-68010  receives,  val- 
idates and  stores  data  bus  commands  containing  its 
(selectable)  address.  It  responds  to  commands  with 

status  and  data,  as  appropriate.  Response  time  is 
7.5/xsec.  These  messages  may  be  accessed  via  the 
keyboard  for  viewing  on  the  front  panel  alphanumeric 
display. 

In  the  Remote  Terminal  Unit  mode,  the  BUS-68010 
evaluates  each  command,  and  detects  errors  such  as  for- 
mat, Manchester  coding,  parity,  sync,  and  high  or  low  bit 
count  or  word  count. 

In  the  Monitor  mode,  the  BUS-68010  receives,  validates 
and  stores  data  bus  messages  containing  its  program- 
med address  (trigger).  In  accordance  with  MIL-STD- 
1553,  it  does  not  respond  with  a  status  word,  nor  does  it 
transmit  data.  If  programmed  for  single  message,  it  will 
stop  after  one  message  and  display  any  errors  that  have 
been  detected.  If  continuous  message  has  been  selected, 
the  BUS-68010  can  be  programmed  to  halt  on  error. 

The  BUS-68010  is  packaged  in  a  3.5"  x  8.5"  x  9.3"  enclosure 
with  a  handle  that  can  be  used  as  a  tilt-stand.  It  operates 
from  1 1 5  VAC,  60-440Hz.  The  optional  BUS-6801 1  oper- 
ates from  230  VAC,  47-440Hz.  With  its  flexible  manual 
programmability  and  its  error  generation  and  detection, 
the  BUS-68010  is  ideal  for  simulation  of  Bus  Controllers 
or  Remote  Terminal  Units  for  bench,  field  or  factory  test 
applications. 

SETUP  PROCEDURE 

In  order  to  insure  correct  operation  of  the  BUS-68010,  the 
following  step-by-step  setup  procedure  is  recom- 
mended: 

Note 

The  BUS-68010  and  BUS-68011  are  identical  in- 
struments except  for  their  power  supply  require- 
ments. Check  the  upper  left  hand  corner  of  the  front 
panel  for  the  part  number. 

(1 )  Connect  the  BUS-68010  power  plug  to  a  1 1 5  VAC  line, 
or  the  BUS-6801 1  power  plug  to  a  230  VAC  line. 

(2)  Connect  the  MIL-STD-1553  cable  to  either  the  direct 
coupled  or  stub  coupled  connector  on  the  rear  panel. 

Note 

The  user  also  has  access  to  a  programmable  scope 
trigger  through  a  BNC  connector  labelled  "SYNC 
OUTPUT"  on  the  rear  panel.  The  SYNC  OUTPUT 
signal  is  TTL  compatible  and  can  be  programmed 
to  appear  coincident  with  BUS-68010  transmis- 
sions onto  the  data  bus.  Since  this  output  is  syn- 
chronized with  the  instrument's  output  signals,  it 
may  be  used  to  observe  and  analyze  the  data  bus 
activity. 

(3)  Actuate  the  push-button  power  switch  on  the  rear 
panel.  The  instrument  will  then  spend  the  next  15  sec- 
onds identifying  itself  to  the  user,  displaying  the  follow- 
ing information: 
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DDC  BUS-68010/11 
1553  BUS  TESTER 
ILC/DDC  PRODUCT 
SELF  TEST  PASSED 
READY 

By  displaying  "READY",  the  unit  has  indicated  success- 
ful completion  of  an  internal  self  check  and  the  user  may 
begin  the  desired  functional  setup.  If  the  device  encoun- 
ters A  problem  during  the  self  test,  it  will  display  "FAIL- 
URE" followed  by  a  single  digit  message.  The  meaning 
of  the  message  is  as  follows: 


MESSAGE 
FAILURE  -  1 
FAILURE  -  2 
FAILURE  -  3 
FAILURE  -  4 


FAILURE 
ROM  Test 
1 553  Test 
Multiple  Tests 
Display  Test 


When  "READY"  is  displayed,  only  the  SEL  or  GO  keys 
can  create  an  action  response  condition.  The  instrument 
is  now  capable  of  performing  as  a  Bus  Controller,  Re- 
mote Terminal  or  Monitor.  Forty  data  words  may  be  en- 
tered into  the  RAM  locations  where  they  may  be  ob- 
served or  edited  with  the  display  cursor  and  keyboard. 
During  data  editing,  the  up  (■»)  and  down  (■»)  arrows  are 
used  to  scroll  through  the  list  of  words;  the  left  («)  and 
right  (♦)  arrows  are  used  to  move  through  the  different 
digits.  Once  the  instrument  is  fully  programmed  follow- 
ing data  entry  and  editing,  pressing  the  GO  key  begins 
transmission. 

MANUAL  PROGRAMMING 

After  power-on  self  test,  with  the  display  indicating 
"READY",  the  instrument's  default  conditions  are  as  fol- 
lows: 


DEFAULT  STATE 
BUS  CONTROLLER 
BROOFF,  MCON 
EXPANDED  FIELD 
01T01R01  0000 
BCto  RT/RT  to  BC 
IMG:  5ms 

MESSAGE  CORRECT 
TR  01  XXX  XX 
SINGLE  MESSAGE 
ANGLE  #3 


RELATED  KEYS 

SELFCTN 

SELBCMC 

SELCMDW 

SEL DATA 

SELFRMT 

SEL#(t) 

SELWERR 

SEL  TRIG 

SELS/C 

SEL  DSPL 


The  BUS-68010/1 1  now  may  be  programmed  by  the  user 
for  any  specific  function  using  the  front  panel  keyboard 
and  liquid  crystal  display.  Keys  on  the  panel  are  grouped 
within  two  bracketed  areas:  FUNCTION  and  DATA.  The 
FUNCTION  keys  are  used  to  select  a  specific  menu  and, 
with  the  GO  key,  to  run  the  chosen  instrument  function. 
The  DATA  keys  permit  entry,  analysis  and  modification 
of  data  related  to  the  specific  function  selected. 
The  keys  are  tactile-type  (pressure  sensitive),  requiring 
only  a  light  touch  to  activate.  Note  that  the  SEL  key  (with- 
in the  FUNCTION  brackets)  is  blue,  matching  the  color  of 
the  non-numeric  legends  imprinted  on  1 0  of  the  1 6  DATA 
keys. 

The  operating  sequence  requires  that  the  SEL  key  be 
pressed  first,  then  one  of  the  blue-legend  keys.  This  pro- 


i  is  repeated  until  the  user  achieves  the  desired  con- 
figuration for  the  selected  function. 

Information  is  presented  to  the  user  on  a  16-character  al- 
phanumeric liquid  crystal  display.  A  cursor  on  the  dis- 
play permits  the  user  to  edit  data  when  the  DATA  or  TRIG 
keys  have  been  selected.  The  cursor  is  a  horizontal  bar 
appearing  below  the  alphanumeric  character  to  be  mod- 
ified. Its  position  is  controlled  by  left  (♦)  and  right  (») 
arrow  keys  at  the  top  of  the  FUNCTION  bracket.  If  the  cur- 
sor cannot  be  positioned  under  a  character,  it  means  that 
no  modification  to  that  character  is  necessary. 

The  following  are  the  keyboard  sequences  for  entering 
the  four  possible  types  of  programmable  words: 

Command  Word:  WW  D  AATSS  CC  EE 

Data  Word:  WW  D  S  XXXX  EE 

Status  Word:  ST  AA  B  FF  DD  EE 

Trigger  Word:  TR  AATSS  GG 

where: 

WW=  word  number  (in  decimal) 
D=  direction  of  transfer 

T  =  instrument  iv/7/transmit  this  word 
P  =  a  word  will  be  received  in  this  slot 
R  =  a  word  has  been  received  in  this  slot 
RTaddress(lnHEX) 
T/R  Bit  (R  =  0,T  =  1) 

RT  sub  address  or  mode  code  field  (In  HEX) 
Word  count  or  mode  codedn  HEX) 
Sync  output  or  induced  error  on  transmitted 
words,  detected  error  on  received  words 
SynctypeIC  =  command,  D  =  data 
Data  in  four-digit  HEX 
Status 

Message  error  bit  (1  =  True) 
Instrumentation  bit,  service  request  bit, 

plusthree  reserve  bits  (in  HEX) 
Broadcast  command  bit,  busy  bit,  sub- 
system flag  bit,  dynamic  bus  control  bit, 
and  terminal  flag  bit  (in  HEX) 
Trigger 

XX  (don't  care)  if  T/R  =;  R.  Word  count  (in 
HEX)  if  T/R  =  T. 

A  two  digit  code  representing  a  sync  output,  an  induced 
error  on  transmitted  words,  or  a  detected  error  on  re- 
ceived words  will  be  displayed  at  the  end  of  a  command 
word.  These  programming  possibilities  are  summarized 
in  Table  1. 


AA  = 
T  = 
SS  = 
CC  = 
EE  = 

S  = 
XXXX  = 
ST  = 
B  = 
FF  = 

DD  = 


TR  = 

GG  = 


TABLE  1  ERROR  CODES 

CODE 

ERROR 

GENERATED 

DETECTED 

00 

No  error 

01 

Word  sync 

Yes 

Yes 

02 

Word  1  bit  short 

Yes 

(Notel) 

04 

Word  4  bits  long 

Yes 

(NoteD 

08 

Parity 

Yes 

(NoteD 

10 

Invalid  word 

(Note  2) 

Yes 

20 

Missing  word  {Note  3) 

No 

Yes 

40 

Sync  output 

Yes 

No 

Notes:  (1)  Included  in  Error  Code  10 

(2)  Error  Codes  01 ,02,  04  and  08  must  be  specified. 

(3)  Missing  word  error 

s  displayed  when  an  RT 

response  timeout  (no  response)  has  occurred. 
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KEYBOARD  AND  DISPLAY  FUNCTIONS 

KEY  SEQUENCE 

FUNCTION 

DISPLAY 

SELFCTN 
♦  or  ♦ 
ENT 

Selects  Bus  Controller,  Remote  Terminal  or  Monitor  Mode. 
The  arrows  scroll  to  the  next  choice. 

The  current  mode  will  be  displayed. 

SELFRMT 
ENT 

For  Bus  Controller  mode  only.  Selects  Normal,  RT  (EXT)  to 
RT  (EXT),  or  RT  (INT)  to  RT  (EXT)  message  format. 

The  current  message  format  will  be  displayed. 

SELS/C 
♦  or 
ENT 

Selects  single,  double  or  continuous  message.  The  arrows 
scroll  to  the  next  choice. 

The  current  message  repetition  will  be  displayed. 

SELTRIG 
DIGIT 
DIGIT 
ENT 

For  Remote  Terminal  mode.  The  RT  address  is  entered  with  2 
(HEX)  digits.  For  Monitor  mode  the  trigger  address  is  entered 

The  entered  address  is  displayed 

SELOATA 
•*  or 

DIGIT 

DIGIT 
ENT 

Data  word  and  word  errors  are  entered  with  6  (hex)  digits. 
Word  errors  include  incorrect  sync,  parity  error,  long  word 
and  short  word.  The  arrows  scroll  to  the  next  word 
in  memory.  Command  words  are  entered  with  4  (HEX)  digits 
or,  when  in  expanded  field  format,  9  (HEX)  digits. 

The  entered  data  and  word  error  are  displayed. 

SEL WERR 
♦  or* 

ENT 

correct,  or  1  word  long,  or  2  words  long.  The  arrow  scrolls  to 
the  next  choice. 

The  current  word  count  error  is  displayed 

SELBCMC 
♦  or  * 
ENT 

Selects  Broadcast/Mode  Code  options.  Either  one  may  be  ON 
or  OFF.  The  arrows  scroll  to  the  next  choice. 

The  current  broadcast  and  mode  code  option  is  displayed. 

SEL#(t) 
♦  or* 
ENT 

Selects  the  intermessage  gap  time  between  5  msec  and 
1000  msec.  The  arrows  scroll  to  the  next  choice. 

The  current  intermessage  gap  time  is  displayed. 

GO 

Starts  operation.  For  continuous  message  operation,  press 
CLR  key  to  STOP. 

CLR 

Stops  operation.  Clears  last  entry. 

SELCMDW 
♦  or* 

ENT 

Selects  Command  Word  display  format  of  4-digit  (HEX)  or 
expanded  field  (HEX).  The  arrows  scroll  to  the  next  choice. 

The  current  Command  Word  display  format  choice  is  displayed. 

SELDSPL 
♦  or  -» 
ENT 

Selects  LCD  viewing  angle.  Arrows  scroll  to  the  next  choice. 

The  optimum  display  viewing  angle  varies  through  4  choices. 

FRONT  PANEL  CONTROLS/INDICATORS 


24  PAD  KEYBOARD 


1 6  CHARACTER  LCD  DISPLAY 


REAR  PANEL  SWITCHES/CONNECTORS 


POWER  ON/OFF  SWITCH 


1553  DIRECT  COUPLED  CONNECTOR 


1 553  STUB  COUPLED  CONNECTOR 


SYNC  OUTPUT 


MECHANICAL  OUTLINE 

3.5"  x  8.5' x  9.3" 
(8.9x21.6x23.6  cm) 


BUS-6S010 
1553  BUS 


GJOQ 


IL.C  DATA  DEVICE 


00 

00 
HH 
00 

_  FUNCTION — i 


0000 


ORDERING  INFORMATION 

BUS-68010 

l_ 


-Options: 

0  =  115  VAC  Power 

1  =  230  VAC  Power 


D 
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MIL-STD-1553  NOISE  TESTER 


DESCRIPTION 

The  BUS-68015  Noise  Tester  is  a  low 
cost  bench  top  portable  instrument  used 
for  performing  the  noise  rejection  tests 
specified  in  MIL-STD-1553. 
It  is  fully  self-contained,  thereby 
eliminating  the  need  for  special  test 
equipment.  The  BUS-68015  has  the 
noise  source,  amplifiers,  filters,  and  tes- 
ter logic  built  in.  Signal  and  noise  levels 
are  user  controlled  and  may  be  varied 
independently.  The  BUS-68015  in- 
cludes a  self-test  feature  initialized  dur- 


ing power-on. 

Packaged  in  a  compact  8.25  x  3.5  x 
14.5  inch  enclosure,  manual  operation 
is  easily  controlled  via  a  16  pad 
keyboard,  with  the  aid  of  a  16  character 
alphanumeric  display.  For  ATE  applica- 
tions, the  BUS-68015  is  controlled  by 
means  of  its  IEEE-488  interface. 
The  BUS-6801 5  Noise  Tester's  versatil- 
ity and  small  physical  size  make  it  an 
ideal  choice  for  laboratory  and  field  test- 
ing applications. 


FEATURES: 

IMPLEMENTS  MIL-STD-1553 

NOISE  REJECTION  TESTS 
FULLY  SELF-CONTAINED: 

NOISE  SOURCE 

FILTER  AMPLIFIER 

BUS  CONTROLLER 

WORD  AND  ERROR 
COUNTERS 
PROGRAMMABLE: 

16  PAD  KEYBOARD 

IEEE-488  I/O 
INDEPENDENTLY  VARIABLE 

SIGNAL  AND  NOISE  LEVELS 
LOW  COST 
COMPACT  SIZE: 

8.25"  x  3.5"  x  14.5" 
16  CHARACTER 

ALPHANUMERIC  DISPLAY 
AUTOMATIC  SELF-TEST 


NOISE 
SOURCE 


KEYBOARD 
DISPLAY 


MICROPROCESSOR 


IEEE-488 
INTERFACE 


RAM/ROM 

AND 
RANDOM 
WORD  GEN 


c 


AMPLITUDE 
CONTROLLER 


NOISE 
COUPLER 


k  NOISE 

Tamplitude 

CONTROL 


TIMING 
& 

CONTROL 

SIGNAL 
AMPLITUDE 
CONTROL 


FIGURE  1.  BUS-68015  BLOCK  DIAGRAM 
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TABLE  1.  BUS-68015  SPECIFICATIONS 

PARAMETcn 

VALUE 

DATA  BUS  INTERFACE 

iNuibe  uuipui 

1 1    no  I  a  wo  I  /  ariii  ictahJo^ 
VUllayc  LtJVfcJI  ^UjUbldDltJJ 

5Um  Vrms  min,  to 

350mVrms  max 

Impedance 

Transformer  coupled 

700U,  approx 

Direct  coupled 

35011,  approx 

Stub  Input  Signal  (receive) 

Vin-0.86Vppminto 

1 4.0Vpp  max 

Direct  Input  Signal  (receive) 

Vin-^1.2Vppminto 

20.0Vpp  max 

Stub  Output  Signal 

Vout^18Vpp,  min 

(adjustable,  transmit) 

(70U  1 2%  resistor 

termination) 

Direct  Output  Signal 

Vout  =  6Vpp,  min 

^  o\jj  LJ  O  ICJ.L_/I  C ,  II  CI  I  lOM  1 1 1 J 

termination) 

SYNC  Output 

For  scope  triggering  purposes 

TTL  level  pulse,  1 0  LSTTL 

driving  load  capability. 

AC  INPUT  POWER 

Voltage 

115V/230V±10% 

(switch  selectable) 

Power 

20VA  max 

Frequency 

47-63  Hz 

OPERATING  TEMPERATURE 

RANGE 

0°Cto+70°C 

DIMENSIONS 

8.25x3.5x1 4.5  inches 

(20.64  x  8.0  x  36.83)  cm 

WEIGHT 

9  lbs  (4.1  kg) 

Notes:  '''Additive  white  Gaussian  noise. 


BUS-68015 


GENERAL 

The  BUS-68015  Noise  Tester  is  used  to  test  and  troubleshoot 
the  noise  rejection  characteristics  of  MIL-STD-1 553  systems  and 
subsystems.  The  noise  source,  amplifiers,  filters,  and  tester  logic 
are  built  into  the  BUS-68015,  eliminating  the  need  for  special 
test  equipment.  The  front  panel  contains  a  16  pad  keyboard  and 
a  16  character  alphanumeric  display,  which  are  used  for  manual 
programming.  For  automatic  test  (ATE)  applications,  the  IEEE- 
488  interface  may  be  used.  A  beeper  sounds  when  any  front 
panel  key  has  been  depressed. 

Figure  2  illustrates  a  typical  BUS-68015  based  noise  test.  The 
BUS-68015  transmits  a  specified  number  of  random  data  words 
over  the  1553  Data  Bus  and  reads  the  status  word  from  the 
RTU  under  test.  If  the  RTU  does  not  send  a  status  word,  BUS- 
68015  records  an  error.  An  error  will  also  be  recorded  if  the 
status  word  has  the  wrong  RT  address  or  has  any  bits  set  other 
than  BUSY  or  SERVICE  REQUEST.  The  test  stops  when  the 
RTU  passes  or  fails  the  criteria  of  MIL-STD-1 553,  shown  in  table 
2.  The  total  number  of  words  transmitted  and  the  total  number 
of  errors  detected  may  be  displayed  during  the  test. 

The  BUS-6801 5  also  has  the  capability  to  characterize  the  rejec- 
tion of  MIL-STD-1 553  systems  and  subsystems  by  performing 
the  noise  test  continuously  and  not  stopping  until  the  STOP  key 
is  pressed.  This  allows  accumulating  a  large  number  of  words 
and  errors  to  determine  the  true  long-term  error  rate. 

A  set-up  mode  permits  output  to  the  1 553  of  noise  only  or  signal 
only  to  allow  adjusting  of  these  levels.  The  set-up  mode  is  also 
used  to  set  the  RT  address  and  the  number  of  words  transmitted. 

The  BUS-68015  can  be  programmed  for  a  "receive  32  words 
command"  (the  standard  noise  test)  or  any  specified  number  of 
words,  23  selected  by  the  user.  For  diagnostic  purposes,  the 


J9  DATA  (DIRECT) 


MIL-STD-1553  DATA  BUS 

20=701! 


(1)  External  coupler  boxes  (not  included)  require  1:1.4  turns  ratio;  DDCs  BUS-25679  recommended. 

(2)  For  noise  tests  the  data  output  is  always  stub  coupled. 

(3)  For  noise  tests,  the  noise  output  can  be  selected  (via  the  front  panel  or  GPIB) 
for  either  stub  or  direct  coupling. 

(4)  Turns  ratio  1:1  for  direct  coupling  and  1 .4:1  for  stub. 


Z0=70!l 


FIGURE  2.  TYPICAL  BUS-68015  BASED  NOISE  TEST 
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TABLE  2.  CRITERIA  FOR  ACCEPTANCE  OR  REJECTION 
OF  A  TERMINAL  FOR  THE  NOISE  REJECTION  TEST. 


No.  of  errors 

Total  words  received  by  terminal 
(in  multiples  of  107) 

Reject 
(equal  or  less) 

Acc©pt 
(equal  or  more) 

0 

NA 

4  40 

1 

NA 

5  21 

2 

NA 

6  02 

3 

MA 

6.83 

4 

MA 

7.64 

5 

NA 

6 

n  ac 

Q  0"7 

7 

1 .26 

1 0.08 

8 

2.07 

1 0.89 

9 

2.88 

1 1 .70 

10 

3.69 

1 2.51 

11 

4.50 

1 3.32 

12 

5.31 

1 4.1 3 

13 

6.12 

1 4.94 

14 

6.93 

1 5.75 

15 

7.74 

1 6.56 

16 

8.55 

1 7.37 

17 

9.37 

18.19 

18 

1 0.1 8 

19.00 

19 

1 0.99 

19.81 

20 

1 1 .80 

20.62 

21 

1 2.61 

21 .43 

22 

13.42 

22.44 

23 

1 4.23 

23.05 

24 

1 5.04 

23.86 

25 

1 5.85 

24.67 

26 

1 6.66 

25.48 

27 

1 7.47 

26.29 

28 

1 8.29 

27.1 1 

29 

19.10 

27.92 

30 

19.90 

28.73 

31 

20.72 

29.54 

32 

21.53 

30.35 

33 

22.34 

31.16 

34 

23.15 

31.97 

35 

23.96 

32.78 

36 

24.77 

33.00 

37 

25.58 

33.00 

38 

26.39 

33.00 

39 

27.21 

33.00 

40 

28.02 

33.00 

41 

33.00 

NA 

Note:  NA  -  not  applicable 


BUS-68015  is  capable  of  transmitting  a  receive  4  word  fixed 
message. 

The  BUS-68015  is  packaged  in  a  8.25"  x  3.5"  x  14.5"  enclosure 
with  a  handle  that  can  be  used  as  a  tilt-stand.  Input  power  is 
switch-selectable  for  115VAC  or  230VAC  operation.  With  its 
compact  size,  programmability,  and  special  noise  tests,  the  BUS- 
6801 5  is  ideal  for  use  in  bench,  field,  or  factory  test  applications. 


SET-UP  PROCEDURE 

To  insure  correct  operation  of  the  BUS-68015,  the  following 
step-by-step  procedure  is  recommended: 

1 .  Set  the  VOLTAGE  SELECT  switch,  located  on  the  rear  panel 
of  BUS-68015,  to  the  desired  line  voltage  (115VAC  or 
230VAC)  and  connect  the  line  cord  to  connector  J 12. 

2.  Connect  the  MIL-STD-1553  signal  cable  to  either  the  direct 
coupled  (J9)  or  stub  coupled  (J  1 0)  connector  on  the  rear  panel. 

NOTE 

Accessed  through  the  rear  panel  is  a  scope 
trigger  signal  labeled  "SYNC  OUTPUT."  The 
SYNC  OUTPUT  is  TTL  compatible  and  coinci- 
dent with  BUS-6801 5  transmissions  on  the  data 
bus,  allowing  observation  and  analysis  of  data 
bus  activity. 

3.  Connect  the  MIL-STD-1 553  noise  cable  to  the  noise  connector 
(J8). 

4.  Plug  in  the  line  cord  and  depress  POWER  switch.  Once  power 
is  applied,  it  takes  approximately  15  seconds  for  the  BUS- 
68015  to  display  "ready."  During  that  time  the  BUS-68015 
performs  a  self-test  and  identifies  itself  through  the  front  panel 
display. 

5.  Observe  the  front  panel  display  indications: 

DDC  BUS-68015 
1 553  Bus  Tester 
ILC/DDC  product 
Selftest  passed 
Software  ref:  XX 
ready 

By  displaying  "ready",  the  BUS-68015  has  successfully  com- 
pleted a  self-test  and  the  user  may  begin  the  functional  set-up. 
If  a  failure  was  detected  during  self-test,  "failure"  will  be  dis- 
played, followed  by  a  decimal  error  code.  The  types  of  failures 
and  corresponding  error  codes  are  as  follows: 


MESSAGE 

FAILURE-1 
FAILURE-2 
FAILURE-4 


FAILURE 

ROM  TEST 
1553  TEST 
DISPLAY  TEST 


Note:  If  there  is  more  than  a  single  failure  (for  example,  failure 
1  and  failure  2  occur),  this  condition  will  be  displayed  as  FAILURE  3. 

BUS-68015  PROGRAMMING 

After  the  power-on  self-test  has  been  completed  and  the  display 
indicates  "ready",  default  conditions  occur;  they  are  listed  in  table  3. 

Once  "ready"  is  displayed,  the  BUS-68015  can  be  programmed 
for  any  specific  function.  Programming  is  accomplished  either 
through  the  front  panel  keyboard  utilizing  the  liquid  crystal  display 
or  through  the  rear  panel  GPIB  (IEEE-488)  port. 

GPIB  (IEEE-488)  Port  Programming 

To  program  from  the  GPIB,  set  the  BUS-6801 5  address  through 
the  GPIB  ADDRESS  switch  located  on  the  rear  panel.  Note  that 
each  switch  in  the  up  position  represents  a  logic  "1",  and  each 
down  position  a  logic  "0".  Viewing  from  the  rear  panel,  the 
leftmost  switch  sets  the  MSB  and  the  rightmost  sets  the  LSB. 
Table  4  lists  the  GPIB  pin  functions. 
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TABLE  3.  POWER-ON  DEFAULT  CONDITIONS 

DEFAULT  CONDITION 

RELATED  KEYS 

In  local 

LCL 

Stub  Coupled 

CPLR 

RT101  SA30WC32 
random  data 
check  pass/fail 

RTADRS 

SIGNAL  LEVEL  150 

SIG  LVL 

NOISE  LEVEL  1 20 
test  no  noise 

NSE  LVL 

000000000  ;000;00 

DSPL  EVNT 

ANGLE  #2 
beeper  on 

DSPL  ADJ 

Note:  RT=RT  ADDRESS,  SA=SUBADDRESS. 
and  WC=WORD  COUNT. 


TABLE  4.  GPIB  PIN  FUNCTIONS 

PIN 

FUNCTION 

DESCRIPTION 

1 

DI01 

LSB  of  8  bit  tri-state  GPIB  bus. 

2 

DI02 

Part  of  abittri-state  GPIB  bus. 

3 

DI03 

Part  of  8  bit  tri-state  GPIB  bus. 

4 

DI04 

Part  of  8  bit  tri-state  GPIB  bus. 

5 

EOi 

End  or  Identify  input/output. 

6 

DAV 

Data  Available  input/output. 

7 

RFD 

Ready  for  Data  input/output. 

8 

DAC 

Data  Accepted  input/output. 

9 

ire 

Interface  Clear  input. 

10 

SRQ 

Service  Request  input. 

11 

ATN 

Attention  input. 

12 

CHAS  GND 

Chassis  ground. 

13 

DI05 

Part  of  8  bit  tri-state  GPIB  bus. 

14 

DI06 

Part  of  8  bit  tri-state  GPIB  bus. 

15 

DI07 

Part  of  8  bit  tri-state  GPIB  bus. 

16 

DI08 

MSB  of  8  bit  tri-state  GPIB  bus. 

17 

REN 

Remote  Enable  input. 

18 
THRU 
24 

GND 

Digital  ground. 

Front  Panel  Programming 

Keys  on  the  front  panel  (figure  9)  are  grouped  within  two  bracket- 
ed areas:  CONTROL  and  SELECT.  The  CONTROL  keys  are 
used  for  overall  control  of  the  BUS-68015,  such  as:  running  (GO 
key),  clearing,  stopping,  or  resetting  to  the  default  condition.  The 
keys  within  the  SELECT  brackets  are  used  for  specific  instrument 
menu  set-up  selection,  such  as:  selection  of  mode,  coupling,  RT 
address,  signal  level,  and  noise  level.  Also  within  the  SELECT 
brackets  are  keys  for  displaying  a  particular  test  event,  data 
entry,  and  display  view  adjust.  Full  functional  descriptions  of  all 
keys  are  listed  in  table  5.  These  keys  are  tactile-type  (pressure 
sensitive),  requiring  only  a  light  touch  to  activate. 


»  OF  NO 

#  OF  MSG 

1  OF  WORDS  RESPONSE 

ERROR 

XXXXXXXXX;  XXX 

;  X  X 

OR 

(overflow} 

(overflow) 

xxxxxxxxx  )roT~^ 

FIGURE  3.  DISPLAY  EVENTS 

HT  ADRS 
->  Of  +- 
+  or  + 
ENT 


ENT 


+  <"  + 
ENT 


CPLR 
tor  + 
ENT 


+   or  4, 
ENT 


+  or  + 
ENT 


ENT 


DSPL EVENT 
ENT 


FIGURE  4.  MANUAL  PROGRAMMING  FLOW  CHART 


VII-252 


ILC  DATA  DEVICE 


BUS-68015 


Data  and  information  are  presented  on  a  1 6-character  alpha- 
numeric liquid  crystal  display.  A  cursor  on  the  display  permits 
adjusting  of  levels,  addresses  and  conditions.  The  cursor  is  a 
horizontal  bar  appearing  below  the  alphanumeric  character  to 
be  modified.  Its  position  is  controlled  by  left  (♦)  and  right  (») 
arrow  keys  in  the  SELECT  bracket.  If  the  cursor  cannot  be 
positioned  under  a  character,  it  means  that  modification  is  not 
necessary.  Events  are  displayed  on  the  liquid  crystal  display  as 
shown  in  figure  3.  The  steps  for  manual  programming  are  shown 
in  figure  4. 

PERFORMING  DUAL  REDUNDANT  OPERATION  TEST 

The  dual  redundant  operation  test  is  performed  on  a  Remote 
Terminal  (RT)  configured  with  a  dual  redundant  data  bus,  per 
section  4.6  of  MIL-STD-1 553.  The  test  is  a  requirement  of  the 
proposed  SAE-9  Validation  Test  plan,  and  of  the  Production 
Test  Plan  for  Aircraft  Internal  Time  Division  Command/Response 
Multiplex  Data  Remote  Terminals. 

The  set-up  for  performing  the  dual  redundant  bus  switching  test 
uses  a  DDC  BUS-68005  (MIL-STD-1 553  Data  Bus  Exerciser) 
and  a  DDC  BUS-68015  (MIL-STD-1 553  Noise  Tester)  in  con- 
junction with  a  GPIB  (IEEE-488  1978)  controller.  The  test  is 
performed  on  a  dual  redundant  RT  as  illustrated  in  figure  5. 
Table  6  lists  the  Direct/Stub  Coupling  Connections  for  the  BUS- 
68005  and  BUS-68015  used  for  this  test. 

Figure  6  is  a  flow  chart  showing  the  sequential  steps  that  may 
be  used  to  perform  the  Dual  Redundant  Operation  Test.  Figures 
7  and  8  illustrate  timing  diagrams  for  the  BUS-68005  and  BUS- 
68015  when  an  Interrupt  Command  is  sent. 


GPIB  (IEEE-488) 


GPIB  (IEEE-48B1 


1553  BUS 
OR  EQUIVALENT 
TERMINATION 


CHAOR 
.CHB 
□  J15-13(SIG)  [JFRONT 
n  ji5-i6i.GND,p|QR  REAR 


BUS-68005 
DATA  BUS  EXERCISER 


1553  BUS 
OR  EQUIVALENT 
TERMINATION 


CH  A 


DUAL 
REDUNDANT 

RT. 
UNDER  TEST 


HE 


□  sync 


J9 
□  OR 
RJ10 


BUS-68015 
NOISE  TESTER 


FIGURE  5.  MIL-STD-1 553-DUAL  REDUNDANT 
OPERATION  TEST  SET-UP 


TABLE  6.  DIRECT  STUB  COUPLING  CONNECTIONS 

1553  Coupling 

BUS-68005 

BUS-68015 

Direct 

Front  Panel 
CHAorCHB 

Rear  Panel 
J9 

Stub 

Rear  Panel 
CHAorCHB 

Rear  Panel 
J10 

CH  B 
(BUS-68015)  " 


BUS-68015 

TRANSMIT 

COMMAND 

RT  RESPONSE 
(N.R,  TRUNCATED 
MESSAGE 
OR  CS> 

BUS-6801 5 
TRANSMIT 

STATUS 
COMMAND 

 tf— 

CHA 
(BUS-68005)  . 
IMi=1004„s 


-I  h- 


BUS-68005 

TRANSMIT 

COMMAND 

RT  RESPONSE 

(CS) 

T»100VS 

FIGURE  7.  BUS-68005  TIMING  FOR  DUAL  REDUNDANT  OPERATION  TEST 


1 


CHB 
(BUS-68015)  ' 


CHA 
(BUS-68005)  ■ 
IMS996„S 


-I  I — 


BUS-68015 

TRANSMIT 

COMMAND 

RT  RESPONSE 

(CS) 

BUS-68005 

TRANSMIT 

COMMAND 

RT  RESPONSE 
(N.R.  TRUNCATED 
MESSAGE 
ORCS) 

BUS-68005 
TRANSMIT 

STATUS 
COMMAND 

 1  I— 

RT  RESPONSE 

(CS) 


T^996/iS 

FIGURE  8.  BUS-68015  TIMING  FOR  DUAL  REDUNDANT  OPERATION  TEST 
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CONTROL 

GO 


Starts  operation  according  to  set-up  conditions. 


CLR/STOP 


Clear/Stop.  Stops  operation  (removes  signal  from  1553  Bus). 


CLR/CNTR 


Clear/Counter.  Clears  the  following  counters:  Number  of  Words  Transmitted,  Number  of  No  Response,  and  Message  Error. 


RST 


Reset.  Resets  to  power-on  condition  (default)  state,  in  conjunction  with  the  CLR/STOP  key. 


SELECT 

LCL 


Local.  Sets  the  instrument  into  the  local  mode  (keyboard  controlled). 


CPLR 


Coupler.  Selects  STUB  or  DIRECT  noise  coupling  onto  the  1553  Bus. 


RT  ADRS 


Remote  Terminal  Address.  Selects  RT  address,  sub-address,  and  numbers  of  words  to  be  transmitted. 


Valid  Selections  for  RT  ADRS  in  conjunction  with       -w  4  ♦  and  the  ENT  keys  are  listed  below. 


RT01  SA30WC32 

(default) 

(See  note  1 ) 

random  data 

(default) 

(See  note  2) 

check  pass/fail 

(default) 

(See  note  2) 

random,  show  tot. 

(See  note  3) 

fixed  data 

(See  note  4) 

fixed,  show  tot. 

(See  note  5) 

run  until  halted 

(See  note  6) 

Notes: 

(1)  RT=RT  ADDRESS,  SA=SUBADDRESS,  and  WC=WORD  COUNT.  (WC»3). 

(2)  Stops  and  displays  PASS/FAIL  according  to  MIL-STD-1553  (criteria  listed  in  table  2).  The  intermessage  gap  time  is  <200,usec. 
While  running,  the  total  number  of  words  transmitted  and  detected  errors  are  not  displayed. 

(3)  Stops  and  displays  PASS/FAIL  according  to  MIL-STD-1553.  While  running,  it  displays  the  total  number  of  words  transmitted  and  the  number 
of  detected  errors.  The  intermessage  gap  time  is  s20u>sec  but  becomes  >200/isec  during  update  of  the  display. 

(4)  Fixed  "receive  four  (4)  words"  message.  The  four  words  are  $0000,  $5555,  $AAAA,  and  $FFFF.  The  intermessage  gap  time  is  «200/jsec. 

(5)  Same  as  4,  except  while  running  it  displays  the  total  number  of  words  transmitted  and  the  number  of  detected  errors.  The  intermessage  gap  time 
is  s200/xsec  but  becomes  >200/^sec  during  update  of  the  display. 

(6)  Transmits  the  programmed  message  and  accumulates  the  total  number  of  detected  errors.  Does  not  make  decision  to  PASS  FAIL. 
Stops  only  on  user  discretion. 


SIG  LVL 


Signal  Level.  Allows  set-up  of  the  signal  level  on  1553  Bus. 


NSE  LVL 


Noise  Level.  Allows  set-up  of  the  noise  level  on  1553  Bus. 


DSPL  EVENT 


Display  Event.  Displays  test  events  after  test  completion  or  stopping. 


Up  Arrow.  Steps  through  the  next  possible  selection/value  when  pressed  once.  Steps  through  the  range  of 
selection/values  when  continually  pressed. 


Down  Arrow.  Same  function  as  Up  Arrow  but  in  the  opposite  direction. 


Right  Arrow.  Moves  cursor  one  space  to  the  right  when  pressed  once.  Moves  cursor  to  the  right  when  pressed  continuously. 


Left  Arrow.  Moves  cursor  one  space  to  the  left  when  pressed  once.  Moves  cursor  to  the  left  when  pressed  continuously. 


DISPL  ADJ 


Display  Adjust.  Allows  adjustment  of  viewing  angle  to  1  of  4  positions. 


Enter.  Enters  selected  function  or  data.  Removes  signal  from  1553  Bus. 
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BUS-68015 


(    START  ) 


CLEAR  SRQs  (SPE) 
OF  BUS-68005 
AND  BUS-68015. 


PROGRAM  BUS-68005 
TO  SEND  INTERRUPTING 
1 553  MESSAGE  COMMAND 
TO  UUT  TO  TRANSMIT 
MAXIMUM  NUMBER 
OF  WORDS- 
NOTE:  IM»1004. 
ENABLE  EXf  TRIG. 


PROGRAM  BUS-68015  TO 
SEND  1553  MESSAGE 
COMMAND  TO  UUT  TO 
-TRANSMIT  MAXIMUM 
NUMBER  OF  WORDS 
FOLLOWED  BY  HIGH 

SPEED  GO  (!)  COMMAND 


YES 

CLEAR  SRQs  (SPE) 
OF  BUS-68005 
AND  BUS-68015. 

READ  DAT 
BUS-68005  AH 
BUFFEF 
INTERPRE1 

A  OUT  OF 
D  BUS-68015 
S  AND 
RESULTS 

NOTE:  DISABLE  EXT 
TRIG  OF  BUS-68005. 
PROGRAM  THE  BUS-68015 
TO  SEND  1553  MESSAGE 
COMMAND  TO  "TRANSMIT 
STATUS  WORD- 
FOLLOWED  WITH  HIGH 
SPEED  GO  (!)  COMMAND. 


CLEAR  SRO  (SPE) 
OF  BUS-68015 


READ  DATA  OUT  OF 
BUS-68015  BUFFER  AND 
INTERPRET  RESULTS 


PROGRAM  THE  BUS-68005 

TO  SEND  A  1553 
MESSAGE  COMMAND  TO 
UUT  TO  "TRANSMIT 
MAXIMUM  NUMBER 
OF  WORDS". 
NOTE:  IMS996. 
ENABLE  EXT  TRIG. 


PROGRAM  THE  BUS-68015 
TO  SEND  INTERRUPTING 
1553  MESSAGE  COMMAND 
TO  UUT  TO  "TRANSMIT 
MAXIMUM  NUMBER  OF 
WORDS"  FOLLOWED 
WITH  HIGH  SPEED 
GO  (!)  COMMAND. 


BUS-68005 
AND  BUS-68015 
SRQs  SET? 


CLEAR  SRQs  (SPE) 
BUS-68005  AND 
BUS-68015 


READ  DATA  OUT 
OF  BUS-68005  AND 
BUS-68015  BUFFERS  AND 
INTERPRET  RESULTS. 


PROGRAM  BUS-68005 
TO  SEND  1553  MESSAGE 
COMMAND  TO  UUT  TO 

•TRANSMIT  STATUS 
WORD"  FOLLOWED  BY 
LOW  SPEED  GO  (GO) 
COMMAND.  NOTE: 
DISABLE  EXT  TRIG 
OF  BUS-68005 


YES 

CLEAR  SRQ  (SPE) 
OF  BUS-68005 

READ  DAT 
BUS-68005  E 
INTERPRE1 

A  OUT  OF 
UFFER  AND 
RESULTS 

(      END  ~) 


FIGURE  6.  DUAL  REDUNDANT  OPERATION  TEST  FLOW  CHART 
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.  BUS-68015 


ILC  DATA  DEVICE 
CORPORATION  _ 


DIMENSIONS  IN  INCHES  (CENTIMETERS) 
8.25  x  3.5  x  14.5  (20.64  x  8.0  x  36.83) 


REAR  PANEL 


FIGURE  9.  MECHANICAL  OUTLINE 


ORDERING  INFORMATION 
BUS-68015 


Note:  BUS-68015  is  supplied  with  carry  support  handle.  For  V2 
rack  mounting  brackets  order  PN  33395.  For  full  rack 
mounting  brackets  order  PN  33396. 


D 
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MIL-STD-1553  PROTOCOL  SOFTWARE 


FEATURES 

•  IMPLEMENTS  COMPLETE  SAE 
RTU  PRODUCTION  TEST  PLAN 
PROTOCOL  TESTING  (PTP) 


DESCRIPTION 

The  BUS-69005  MIL-STD-1553  Pro- 
tocol Test  software  provides  a  menu- 
driven  Automatic  Test  Equipment  (ATE) 
environment  using  an  IBM  PC/XT/AT 
host  along  with  DDC's  BUS-68005  Data 
Bus  Exerciser  and  BUS-68015  Noise 
Tester  to  perform  all  protocol  tests 
specified  in  the  SAE  RTU  Production 
Test  Plan  (Section  5.2). 

Using  a  National  Instruments  GPIB  488 
I/O  board,  the  Complete  RTU  Protocol 
PTP  or  any  subgroup  of  tests  can  be 
executed  simply  by  choosing  the  ap- 
propriate test(s)  and  factory  or  user-de- 
finable default  parameters  from  respec- 
tive menus.  Halt  on  Error,  Single  Test 
Execution,  Repeat  Sequence  and  Con- 
tinuous testing  options  are  all  supported 


Test  parameters  describing  Unit-Under- 
Test  (UUT)  capabilities  and  tests  to  be 
performed  are  stored  on  disk  in  Config- 
uration files.  Multiple  Configuration  files 
can  be  updated  and  saved  on  a  single 
disk  to  meet  various  device/test  require- 
ments. Minimizing  operator  set-up  time, 
a  Configuration  file  can  be  saved  under 
the  filename  DEFAULT,  and  auto-loaded. 

The  BUS-69005  software  features  a 
simple-to-use  on-line  help  facility  allow- 
ing the  user  to  select  a  particular  test 
paragraph  in  the  PTP  option,  depress 
the  HELP  (F1)  key,  and  the  respective 
paragraph  within  the  SAE  document  is 
displayed.  A  print  option  is  also  available 
to  produce  hard  copies  of  the  Configura- 
tion files  and  individual  UUT  test  results. 


•  MENU-DRIVEN  COMPLETE/ 

PARTIAL  PTP  EXECUTION 

•  DISK  STORAGE  OF  PTP-SUBSET 

AND  RTU  CONFIGURATIONS 

•  SINGLE,  CONTINUOUS  AND 

HALT-ON-ERROR  EXECUTION 

•  SELECTABLE  TEST  DATA 

PRINTOUT 

•  MENU-DRIVEN  HELP  DISPLAYS 

PTP  PARAGRAPHS 

•  RUNS  ON  IBM  PC/XT/AT® 

OR  COMPATIBLE 


1553  BUS  A 


U.U.T. 
(MIL-STD-1553  RTU) 


1553  BUS  B 


FIGURE  1.  BUS-69005  OPERATING  ENVIRONMENT 

®IBM  PC/AT/XT  are  registered  trademarks  of  International  Business  Machines  Corporation. 
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TABLE  1.  BUS-69005  REQUIREMENTS  AND  CAPABILITIES 


HARDWARE  REQUIREMENTS' 

IBM  PC/XT/AT  or  Compatible  with  256K  RAM 
DDC's  BUS-68005  Bus  Exerciser  tt 

DDC's  BUS-68015  Noise  Tester  (Optional:  used  only  for  Bus  Switching  Test  - 
National  Instruments  PC-2A  (National  Instruments  Corp.,  Austin,  TX) 


Section  5.2.2.1,  Dual  Redundant  Operation) 


SOFWARE  REQUIREMENTS 

PC  DOS  2.0  or  higher 


EXECUTION  TIME 

Time  per  1553  channel  using  a  Basic  IBM  PC 

Sections  5.2.2.4. 1.1  and  5.2.2.6:  approximately  15  minutes. 
Rest  of  5.2:  approximately  5  minutes 


FILES  CONTAINED  ON  BUS-69005  SYSTEM  DISK 


Reserved  Filenames 

BUS-69005.000 

BUS-69005.001 

BUS-69005.002 

COLOR.CFG 

KEYCODE.CFG 

GPIB.CFG 

HELP.FLE 

MENUS. MNU 

AAAREAD.ME 


Function 

BUS-69005  operating  environment  and  associated  data. 
BUS-69005  operating  environment  and  associated  data. 
BUS-69005  operating  environment  and  associated  data. 
System  Data. 
System  Data. 
System  Data 
System  Data 
System  Data 

ASCII  file  containing  data  sheet  update  information  and  application  information. 


AVAILABLE  OPERATIONS 

-  Run  SAE  Production  Test  Plan  (PTP)  protocol  tests  or  any  subset. 

-  Define  PTP  configuration  files  for  execution  and/or  disk  storage. 

-  Define  most  RTU  configurations  in  accordance  with  MIL-STD-1553. 

-  Print  current  test  configuration  and/or  execution  log. 

-  User-definable  command  illegalization/mode  code  response. 

-  Selective  5.2.2.6  task  execution  for  RTU  development. 

-  Execute  ATP  incoming  inspection  test. 


t  Additional  mating  connector  and  cable  requirements  are  listed  in  the  INSTALLATION  paragraphs. 

1 1  BUS-68005  instruments  with  date  codes  earlier  than  8704  will  require  a  retrofit  kit  to  implement  the  complete  Manchester  Error  Injection  and  automatic 
update  of  Status  Word  bits.  Consult  factory  for  further  information. 


BUS-69005  OPERATION 


BUS-69005  OPERATION 


GENERAL 

This  data  sheet  contains  the  operating  instructions  for  the  BUS- 
69005  MIL-STD-1553  Protocol  Software  to  perform  the  tests 
listed  in  Table  2,  SAE  RTU  Production  Test  Plan  Section  5.2. 

Step-by-step  procedures  are  provided  later  in  the  data  sheet  for 
hardware  installation;  the  following  paragraphs  describe  the 
BUS-69005's  operation. 

MAIN  MENU 

When  BUS-69005  program  is  loaded,  the  MAIN  MENU,  as 
shown  in  figure  2,  will  be  displayed.  All  configuration  editing, 
test  execution  and  associated  system  options  are  accessed  here. 
Table  3  list  the  main  menu  options  and  their  definitions. 
The  SETUP  MENU,  EXECUTION  MENU  and  EXIT  MENU  pro- 
vide access  to  the  BUS-69005  utilities  for  accomodating  specific 
UUT  capabilities/test  requirements,  executing  tests  and  returning 
to  the  DOS  environment. 

COMPLETE  PTP  EXECUTION 

To  run  the  complete  SAE-AE9  RTU  PTP  protocol  tests  (Section 
5.2),  select  EXECUTION  MENU  (from  the  Main  Menu)  and  then 
select  EXECUTE  FULL  TEST  (Execution  Menu). 


SPECIAL  FUNCTION  KEYS 

Special  functions  such  as  real-time  data  display,  test  interruption 
and  setup  (configuration)  editing  are  available  during  various 
phases  of  BUS-69005  operation.  These  functions  are  accessed 
by  depressing  the  appropriate  key  as  listed  in  table  4.  In  addition, 
those  special  function  keys  affecting  real-time  operation  are  dis- 
played in  the  bottom  window  (lower  screen  area)  while  they  are 
active. 


INITIAL  UUT  (RTU)  AND  PTP  CONFIGURATIONS 

The  [DEFAULT.  ]  file  contains  the  initial  UUT  and  PTP.con- 
figurations  and  is  auto-loaded  with  the  BUS-69005  operating 
environment.  This  file  initially  contains  the  equivalent  of  the  FAC- 
TORY DEFAULTS  settings.  Refer  to  the  Factory  Default  Condi- 
tions section  at  the  end  of  the  data  sheet  for  a  complete  listing. 
The  DEFAULT,  configuration  setup  can  be  edited/resaved  using 
the  methods  outlined  below.  Note  that  the  active  UUT/test  con- 
figuration at  any  time  is  referred  to  as  the  current  setup  (SETUP 
MENU)  or  full  test  (EXECUTION  MENU). 
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TABLE  2.  TESTS  INCLUDED  IN  SAE  PTP  SECTION  5.2 

SECTION 

TEST 

5.2.1 

RTU  RESPONSE  TO  COMMAND  WORDS 

5.2.1.1 

RTU  ADDRESS 

5.2.1.1.1 

VALID  RTU  ADDRESS 

5.2.1.1.2 

INVALID  RTU  ADDRESS 

5.2.1.2 

WORD  COUNT 

5.2.1.3 

SUBADDRESS 

5.2.1.4 

ERROR  INJECTION 

5.2.2 

OPTIONAL  OPERATION 

5.2.2.1 

DUAL  REDUNDANT  OPERATION 

5.2.2.2 

MODE  COMMANDS 

5.2.2.2.1 

DYNAMIC  BUS  CONTROL 

5.2.2.2.2 

SYNCHRONIZE 

5.2.2.2.2.1 

SYNCHRONIZE  (WITHOUT  DATA  WORDS) 

5.2.2.2.2.2 

SYNCHRONIZE  (WITH  DATA  WORDS) 

5.2.2.2.3 

TRANSMIT  STATUS 

5.2.2.2.4 

INITIATE  SELF  TEST 

5.2.2.2.5 

TRANSMIT  BIT  WORD 

5.2.2.2.6 

TRANSMITTER  SHUTDOWN  AND  OVERRIDE 

5.2.2.2.6.1 

DUAL  REDUNDANT  SHUTDOWN 

AND  OVERRIDES 

5.2.2.2.6.2 

SELECTIVE  SHUTDOWN  AND  OVERRIDES 

5.2.2.2.7 

TERMINAL  FLAG  BIT  INHIBIT  AND  OVERRIDE 

5.2.2.2.8 

RESET  REMOTE  TERMINAL 

5.2.2.2.9 

TRANSMIT  VECTOR  WORD 

5.2.2.2.10 

TRANSMIT  LAST  COMMAND 

5.2.2.3 

STATUS  WORD 

5.2.2.3.1 

SERVICE  REQUEST 

5.2.2.3.2 

BROADCAST 

5.2.2.3.3 

BUSY 

5.2.2.3.4 

9UR9Y^TFM  Fl  AG 

5  2  2  3  5 

i  ErllVillNHL.  rLMO 

c.  O  O  A 

nnnanrsCT  Mcccarcc 
DnvJMDvjAb  1  MtooAuto 

5.2.2.4.1 

HbbrUNbt  lUBHUAUOAbl  MEbbAGES 

5.2.2.4.1 .1 

DO  IUHIU  bHUAUGAo  1  COMMANDS 

5.2.2.4.1 .2 

bHUAUOAb  1  MUUt  OUMMANUb 

G  O  O  A  1  O  1 

bHUAUCAb  1  bYNCHHUNIZE 

rwiTHni  it  nATi  wnnni 

\WI  I  ni_iu  1  Un  1  f\  VVOnUJ 

5  2  2  4  12  2 

RROinPAQT  QVUPMHnMI7C 
□  nuHUOnO  I  o  T  iNOrlnuiNl^t 

(WITH  DATA  WORD) 

5.2.2.4.1.2.3 

BROADCAST  INITIATE  SELF  TEST 

5.2.2.4.1 .2.4 

BROADCAST  TRANSMITTER  SHUTDOWN 

AND  OVERRIDES 

5.2.2.4.1.2.4.1 

BROADCAST  DUAL  REDUNDANT 

SHUTDOWN  AND  OVERRIDES 

5.2.2.4.1.2.4.2 

BROADCAST  SELECTIVE  BUS  SHUTDOWN 

AND  OVERRIDES 

5.2.2.4.1.2.5 

BROADCAST  TERMINAL  FLAG  BIT  INHIBIT 

AND  OVERRIDE 

5.2.2.4.1.2.6 

BROADCAST  RESET  REMOTE  TERMINAL 

5.2.2.4.1.3 

RTU  TO  RTU  BROADCAST  COMMANDS 

5.2.2.5 

RTU  TO  RTU  TRANSFERS 

5.2.2.5.1 

RTU  TO  RTU  TRANSMIT 

5.2.2.5.2 

RTU  TO  RTU  RECEIVE 

5.2.2.5.3 

RTU  TO  RTU  TIMEOUT 

5.2.2.6 

ILLEGAL  COMMANDS 

5.2.2.6A 

ILLEGAL  TX  +  RX 

5.2.2.6B 

ILLEGAL  INVALID 

5.2.2.6C 

ILLEGAL  MODE  CODE 

TABLE  3.  BUS-69005  MAIN  MENU  OPTIONS 

MAIN  MENU 

DEFINITIONS 

(1)  SETUP  MENU 

(2)  EXECUTION  MENU 

(3)  EXIT  PROGRAM 

Edit  RTU  (UUT)  and/or  Test  Configuration. 
Run  current-configuration  PTP  or  single 
PTP  paragraph. 
Return  control  to  DOS. 

BUS-69005  OPERATION 


TABLE  4.  SPECIAL  FUNCTION  KEYS 

FUNCTION  KEY 

DESCRIPTION 

Return  ^  1 

Tsrminatss  fisld  ©ntry. 

PgUp 

PREVIOUS  screen. 

Pg  Down 

ADVANCE  to  next  screen. 

Home 

Return  to  PREVIOUS  menu. 

Del-* — 

Delete  char  at  left. 

Ins  (Insert)' 

Insert/Overwrite  edit 

Up  Arrow 

BACKUP  one  field 

Down  Arrow 

ADVANCE  one  field 

Left  Arrow 

Move  LEFT  one  digit 

Right  Arrow 

Move  RIGHT  one  digit 

F1 

List  single  tests,  display  paragraph, 

Bus  Activity  window  on/off." 

F2 

Real  time  Single  Step  on/off.* 

F3 

Real  time  Repeat  Sequence  on/off." 

F10 

Halt  execution.* 

"See  EXECUTION  MENU  for  detailed  description. 

SETUP  MENU  OPTIONS 


DESIGNING  USER  CONFIGURATIONS 

All  user  UUT  and  Test  configuration  definition  options  are  pro- 
vided through  the  SETUP  MENU  (see  table  5).  Using  these 
facilities,  the  BUS-69005  software  can  be  programmed  for  the 
specific  capabilities  associated  with  a  given  RTU  and/or  specific 
user  test  requirements.  The  setup  menu  provides  access  to  all 
means  of  PTP  and  UUT  configuration  editing,  data-file  handling 
(save/load  configuration)  and  configuration  printing. 


TABLE  5.  SETUP  MENU 

OPTION 

DEFINITION 

(1 )  LOAD  SETUP  FROM  DISK 

(2)  SAVE  SETUP  TO  DISK 

(3)  EDIT  CURRENT  SETUP 

(4)  PRINT  CURRENT  SETUP 

(5)  RESET  TO  FACTORY 
DEFAULTS 

(6)  RETURN  TO  MAIN  MENU 

Overwrite  current  configuration. 
Current  UUT/PTP  configuration 
saved. 

Calls  up  UUT/PTP  EDIT  Menu. 
Output  current  Configuration 
list  to  printer. 

Resets  ALL  parameters  to  factory 
defaults  (see  section  at  end  of 
data  sheet). 

LOAD  SETUP  FROM  DISK  (USER  CONFIGURATIONS) 

When  the  LOAD  SETUP  option  is  chosen,  a  user-configuration 
can  be  selected  from  any  available  drive.  The  drive  letter  must 
be  included  in  the  filename  for  loading  files  from  a  drive  other 
than  the  default  drive  (<drive>:<filename.extension>).  Current 
test/RTU  parameters  will  be  replaced  by  those  contained  in  file. 
(Consult  DOS  manual  for  details  regarding  recovery  from  disk 
errors.) 
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BUS-69005  M/ 


MAIN  MENU 


EXIT  MENU 


EXECUTION  MENU 


1  I  

EXIT  RETURN  TO  RETURN  TO 
TO  DOS      MAIN  MENU  PREVIOUS 


SETUP  MENU 


I  1  1 

RUN        RUN  TEST 
ENTIRE    SINGLE  CONFIG- 
TEST      TEST     URATION  MENU 


RETURN  TO 
PREVIOUS 


LOAD 
SETUP 


I  I  1  1 

SAVE  EDIT          PRINT        RESET  TO 

SETUP  CURRENT     CURRENT  FACTORY 

TO  DISK  SETUP  SETUP 


VIEW  1553 
TRANSFERS 


STEP 


REPEAT 


HALT 
EXECUTION 


EDIT  MENU 


TO  ACTIVATE  TEST  GENERAL  TEST 
PARAGRAPHS   UUTCAPA-  CONFIG- 
I  BIUTIES  URATION 


WORD  COUNT/ 
SUBADDRESS 
DEFINITION 


ILLEGAL 
COMMANDS 
MENU 


I- 

VIEW 
PARA. 

<F1) 


ACTIVATE 
TEST  PARA. 

m 


RETURN  TO   WC(TX)  WC(RCV)  SAfTX)  SA(RCV) 
PREVIOUS 
MENU 


I 

RETURN  TO 

1 

TRANSMIT 

RECEIVE 

1 

MODE 

PREVIOUS 

COMMANDS 

COMMANDS 

COMMANDS 

MENU 

1      ^  1 

1 

1 

1 

CLEAR  MESSAGE  CLEAR  MESSAGE  CLEAR   MESSAGE  NO 
STATUS   ERROR    STATUS    ERROR  STATUS    ERROR  RESPONSE 


EXECUTION   HALT  ON    REPEAT  IEEE-488      USER/  CONTROL  BUS-68005  BUS-68005  BUS-68015 

LOG         ERROR      TEST       LOG         AUTO         BITS  CHANNEL  A  CHANNEL  B  CHANNEL  B 

CONTROL  DELAY  TRANSMIT  TRANSMIT  TRANSMIT 

BITS          (MS)  AMPLITUDE  AMPLITUDE  AMPLITUDE 


DO  NOT  BASIC  ERROR  COMPLETE 
PRINT-0    LOG-1     LOG-2  LOG-3 


RETURN  TO      RTU          SIMULATED       VARIABLE        TRANSMIT           RECEIVE  TEST  TEST 

PREVIOUS   ADDRESS     RTU-ADORESS  ADDRESSING  CAPABILITY?  CAPABILITY?  BUS  A  BUSB 

MENU                                          CAPABILITY  -SUBADDRESS  -SUBADDRESS  (Y/N)  (Y/N) 

(Y/N)  -WORD  COUNT  -WORD  COUNT 


DYNAMIC  BUS  DATA  WORDS 

CONTROL  FOR  SELECTED 

ACCEPTANCE  TRANSMITTER 

-ACCEPT  -CHANNEL  A 

-NOT  ACCEPT  -CHANNEL B 
-BOTH 


FIGURE  2.  MAIN  MENU  STRUCTURE 
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SAVE  SETUP  TO  DISK 

This  option  saves  the  current  setup  to  disk  with  a  <filename> 
entered  by  the  user.  Both  the  filename  and  extension  can  be 
user-defined  with  the  following  considerations: 

1 .  Filename  format  for  load/save  is: 
"<drive  letter:>  <FILENAME.EXT>" 

2.  The  current  default  drive  is  used  if  none  is  specified  by 
user. 

3.  BUS-69005  SYSTEM  filenames  (except  DEFAULT.  ) 
should  not  be  used  as  this  will  cause  respective  files  to 
be  overwritten.  This  is  a  non-recoverable  error,  i.e.,  an 
alternate  (backup)  system  disk  must  be  used.  Consult 
Table  1  BUS-69005  Requirements  and  Capabilities  for 
filename  list. 

4.  [DEFAULT.  ]  is  auto-loaded  during  BUS-69005  load- 
ing as  the  initial  current  setup. 

If  the  file  [(drive:)filename.ext]  already  exists,  the  user  can  option- 
ally overwrite  the  file  or  terminate  the  SAVE  operation.  (Consult 
the  DOS  manual  for  details  regarding  recovery  from  disk  error.) 


PRINT  CURRENT  SETUP 

This  option  sends  a  listing  of  the  CURRENT  CONFIGURATION 
to  the  printer  device  (see  DOS  manual)  for  a  printout  of  all  menu 
definable  variables.  A  listing  of  the  factory  defaults  in  the  PRINT 
CURRENT  SETUP  format  is  available  at  the  end  of  the  data 
sheet. 


RESET  TO  FACTORY  DEFAULTS 

This  option  replaces  all  configuration  values  in  the  CURRENT 
SETUP  to  reflect  the  Complete  PTP  as  performed  on  a  full-func- 
tion dual-redundant  RTU.  A  list  of  factory  defaults  is  provided 
at  the  end  of  the  data  sheet. 


EDIT  MENU 


EDIT  CURRENT  SETUP 

This  option  activates  the  EDIT  MENU,  allowing  the  user  to  de- 
scribe the  capabilities  of  the  specific  UUT  to  the  BUS-69005 
software  (see  table  6).  Deviations  from  the  UUT  and  test  require- 
ments as  outlined  by  the  Factory  Defaults  can  be  input  and  then 
executed  and/or  saved  to  disk  for  future  use.  Note  that  the  EDIT 
MENU  is  extensive;  refer  back  to  figure  2  for  detailed  structure. 


SETUP  MENU  OPTIONS 


TABLE  6.  EDIT  MENU 

OPTION 

DEFINITION 

(1)  RETURN  TO  MAIN  MENU 

(2)  ACTIVATE  TEST  PARAGRAPHS 

(3)  GENERAL  U.U.T.  CAPABILITIES 

(4)  TEST  CONFIGURATION 

(5)  WORD  COUNT/SUBADR 
DEFINITION 

(6)  ILLEGAL  COMMANDS 

Select  PTP  paragraphs  to 
execute. 

Default  (Global)  values  menu. 
Execution  Sequence/Log  menu. 
Select  word  count  and  subad- 
dres  for  transmit  and  receive. 
Select  transmit/receive/mode 
codes  illegal  commands. 

EDITING  A  SETUP.  The  current  setup  (RTU/PTP  configuration) 
can  be  altered  by: 

1.  LOADing  a  SETUP  (Configuration  file),  this  overwrites  all 
parameters. 

2.  RESETting  to  FACTORY  PRESETS,  this  replaces  all 
parameters  in  current  setup  with  factory  defaults. 

3.  EDITing  the  CURRENT  SETUP  (updating  individual 
parameters). 

The  new  CURRENT  SETUP  can  then  be  executed,  printed  and/ 
or  saved  to  disk  using  any  filename  and  extension  except  those 
reserved  by  BUS-69005.  ([DEFAULT.  ]  can  be  overwritten 
for  use  as  a  customized  auto-load  setup). 


ACTIVATE/VIEW  TEST  PARAGRAPHS 

This  option  provides  the  user  with  a  multi-screen  listing  of  all 
SAE-AE9  PTP  (section  5.2)  paragraph  titles.  The  user  can  select 
paragraphs  for  execution  and/or  view  the  corresponding  test 
plan  paragraph  by  pointing  to  the  appropriate  paragraph  (using 
arrow  keys)  and  selecting  Yes  (Enable  test),  No  (Disable  test) 
or  F1  (View). 


GENERAL  UUT  CAPABILITIES 

This  option  allows  the  user  to  select  default  (global)  values  for 
RTU  ADDRESS,  transmit/receive  SUBADDRESS  and  transmit/ 
receive  WORD  COUNT.  TRANSMIT  enable/disable,  RECEIVE 
enable/disable,  Test  BUS-A  enable,  Test  BUS-B  enable  and 
USER/AUTOMATIC  RTU  Address  and  status  bits  are  also  pro- 
vided within  this  menu. 


RTU  ADDRESS  (nn).  This  option  sets  the  RTU  address  to  nn 
for  all  RTU  testing  except  variable  addressing  testing  (see 
below). 

SIMULATED  RTU  ADDRESS  (nn).  This  option  sets  an  address 
of  nn  for  the  RTU  simulated  by  the  BUS-68005  during  RTU-RTU 
transfers. 
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VARIABLE  ADDRESSING  (Y/N).  Selecting  "Y"  (Yes)  enables 
testing  of  "variable"  RTU  addresses  (addresses  0, 1 ,  2,  4,  8  and 
16)  in  addition  to  that  specified  as  the  DEFAULT  RTU  address 
(above).  See  AUTOMATIC  CONTROL  CIRCUIT  and  related 
paragraphs  in  the  INSTALLATION  AND  STARTUP  sections. 


TRANSMIT    CAPABILITY/RECEIVE    CAPABILITY:  (Y/N). 

These  options  specify  the  ability  of  the  RTU  under  test  to  process 
transmit  and/or  receive  commands  respectively. 


PRINT  EXECUTION  LOG  (n).  This  option  outputs  selected  run- 
time information  to  the  PC'c  printer  port  in  one  of  three  forms 
by  entering  the  number  of  the  desired  selection.  The  following 
selections  are  illustrated  in  the  Print  Execution  Log  example 
shown  at  the  end  of  the  data  sheet. 

0.  Do  NOT  print  execution  log 

1.  Print  BASIC  Log 

2.  Print  EXPANDED  ERROR  Log 

3.  Print  EXPANDED  COMPLETE  Log 


DEFAULT  SUBADDRESS  (nn).  This  option  sets  all  RTU  subad- 
dress  references  to  the  value  input  as  nn.  This  value  can  be 
overridden  by  entering  the  desired  subaddress(es)  using  the 
SUBADDRESS/WORD  COUNT  MENU,  SA(Tx)  and/or  SA(Rcv) 
options. 

It  should  be  noted  that  the  default  subaddress  is  NOT  utilized 
in  two  messages  in  which  a  Manchester  encoding  error  is  in- 
duced in  the  parity-bit  position  of  a  command  word  (Error  Injec- 
tion: 5.2.1 .4).  In  these  messages,  one  of  the  default  subaddress 
bits  is  inverted  to  force  the  command  word  parity  bit  to  a  desired 
state. 


HALT  ON  ERROR  (Y/N).  This  option  affects  execution  flow  by 
either  terminating  (Yes)  or  continuing  test  execution  in  the  event 
of  a  test  failure.  Note  that  test  execution  will  begin  with  the  first 
test  specified  rather  than  continuing  from  a  point  following  the 
test  failure. 

REPEAT  TEST  (Y/N).  This  option  allows  the  continuous  repeti- 
tion of  a  single  test  or  group  of  tests  (execute  full  PTP).  This 
may  also  be  used  in  conjunction  with  HALT  ON  ERROR  (above) 
to  isolate  intermittent  failures.  Note  that  this  feature  is  also  pro- 
vided as  a  real-time  function  using  the  F3  key. 


DEFAULT  WORD  COUNT  (nn).  This  option  sets  all  RTU  word 
count  references  to  the  value  input  as  nn.  This  value  can  be  over- 
ridden by  entering  the  desired  word  count(s)  using  the  SUBAD- 
DRESS/WORD COUNT  MENU,  WC(Tx)  and/or  WC(Rcv)  options. 


TEST  BUS  A/TEST  BUS  B:  (Y/N).  These  options  allow  tests 
(full  PTP  or  single  test)  to  be  executed  on  the  primary  (Bus  A), 
secondary  (Bus  B)  or  both  MIL-STD-1553  busses  by  selecting 
"Y"  (Yes)  to  enable  or  "N"  (No)  to  disable  each.  The  bus  being 
used  is  displayed  during  test  execution  and  in  the  resulting 
execution  log  (see  EXECUTION  LOG). 


DBC  ACCEPT.  This  option  allows  the  user  to  enable  ACCEPT 
and/or  NON-ACCEPT  responses  to  the  Dynamic  Bus  Control 
Mode  Code  command.  The  user  can  select  testing  for  ACCEPT 
bus  control,  NON-ACCEPT  bus  control,  or  BOTH. 


SELECTED  TRANSMITTER  SHUTDOWN  AND  OVERRIDE 

(nnnn)H.  Independently  programmable  for  Channels  A  and  B  in 
four  digit  HEX.  Default  =  0001  for  Channel  A  and  0000  for 
Channel  B. 


TEST  CONFIGURATION 

This  option  provides  yes/no  selections  including  Halt  On  Error, 
Repeat  Test  (until  Halt-on-error,  if  enabled),  or  a  Halt  Execution 
(F10)  and  execution  log  printing. 


IEEE-488  LOG  (Y/N).  This  option  (default  =  off)  allows  the  user 
to  save  all  GPIB  transfer  data.  Data  including  time  tag  (time  of 
day),  test  paragraph,  transfer  direction  (read,  write  tester),  ad- 
dress, number  of  data  words  and  data  bytes  (HEX)  are  written/ 
overwritten  to  a  system  designated  disk  file  [IEEE488.DBG]  with 
each  FULL  TEST  or  SINGLE  TEST  execution  instruction.  Note 
that  a  Full  Test  of  one  bus  requires  approximately  2M  bytes  of 
storage  per  bus;  therefore,  this  option  is  not  saved  to  configura- 
tion files. 


USER/AUTOMATIC  CONTROL  BITS  (U/A).  This  option  pro- 
vides software  control  of  status  word  bits,  variable  RTU  addres- 
sing and  RTU  reset.  The  parallel  I/O  port  of  the  BUS-68005 
provides  5  RTU  address  outputs,  1  address  parity  output  (odd 
parity),  5  status  word  flag  outputs  and  an  RTU  RESET  signal. 
These  options  may  be  used  by  constructing  a  simple  circuit  to 
interface  between  the  BUS-68005's  parallel  I/O  port  and  the  test 
fixture  or  subsystem  side  of  the  RTU  Under  Test  (UUT)  and 
selecting  automatic  RTU  address/status  bits  control. 

The  AUTOMATIC  option  supports  fully  unattended  testing  by 
updating  the  appropriate  address  and  status  signals  and  then 
pausing  for  a  user-programmable  test  set/UUT-update  delay 
time  before  resuming  the  test  sequence.  The  delay  time  is  applic- 
able for  automatic  operation  only  and  is  programmable  with  a 
range  from  0  to  999  ms  with  a  default  value  of  0  (less  than  1  ms). 

The  USER  (default)  option  causes  the  RTU  address  and  status 
outputs  to  be  updated,  an  "Operator  Action  Required"  message 
to  be  displayed  and  program  execution  to  halt.  The  user  may 
then  modify  the  test  configuration  as  required  and  then  depress 
the  RETURN  key  to  resume  test  execution. 
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CONTROL  BITS  DELAY  (nnnn).  This  option  allows  the  user  to 
specify  a  test-execution  pause  interval  (in  ms)  following  control 
bits  output  for  UUT  updating  before  resuming  execution.  Control 
bits  delay  is  valid  only  when  utilizing  AUTOMATIC  CONTROL 
BITS  operation.  The  range  for  Control  Bits  Delay  is  0  to  999  ms. 
See  AUTOMATIC  CONTROL  CIRCUIT  and  related  paragraphs 
in  the  INSTALLATION  AND  STARTUP  data  sherX  section. 

BUS-68005  CHANNEL  A/B  TRANSMIT  AMPLITUDE  (nn). 

These  options  allow  user  selection  of  appropriate  transmitter 
amplitudes  for  direct  coupled  and  transformer  coupled  UUT  con- 
figurations. Consult  TRANSMIT  AMPLITUDES  in  the  INSTALLA- 
TION AND  STARTUP  section. 

BUS-68015  CHANNEL  B  TRANSMIT  AMPLITUDE  (nn).  This 
option  allows  user  selection  of  appropriate  transmitter  amplitudes 
for  direct  coupled  and  transformer  coupled  UUT  configurations. 
Note  that  only  a  Channel  B  value  is  required  (Dual  Redundant 
Testing  only).  Consult  TRANSMIT  AMPLITUDES  in  the  INSTAL- 
LATION AND  STARTUP  data  sheet  section. 


SETUP  MENU  OPTIONS 


Section  A  (PTP  steps  1-4).  These  steps  test  all  legal  and 
illegal  non-broadcast  non-mode  code  commands.  Default: 
all  legal  commands'  expected  response  is  Clear  Status. 
May  be  overwritten  as  illegal  with  an  expected  response 
of  Status  Word  with  Message  Error  bit  set. 

Section  B  (PTP  steps  5-10).  These  steps  test  invalid 
illegal  commands.  This  verifies  that  the  RTU's  response 
is  "No  Response"  for  invalid  illegal  commands. 

Section  C  (PTP  steps  11-12).  These  steps  test  all  128 
combinations  of  T/R  bit,  subaddress  00  and  1 F,  and  32 
possible  non-broadcast  mode  code  commands. 


*  =  CLEAR  STATUS 
-  =  NO  RESPONSES 

.   =  STATUS  WORD  WITH  MESSAGE  ERROR  BIT  SET 

A  complete  list  of  the  steps  in  Section  5.2.2.6  of  the  PTP  can 
be  viewed  through  the  HELP  screens  in  the  BUS-69005. 


WORD  COUNT/SUBADDRESS 

This  option  provides  a  means  of  overriding  the  default  options 
established  via  the  DEFINE  UUT  sub-menu  for  the  PTP  Subad- 
dress Test  and  the  Word  Count  Test  using  transmit  and  receive 
commands  respectively  (see  above).  Undefined  values  remain 
set  at  DEFINE  UUT  selected  values. 

SUBADDRESS  DEFINITION.  This  allows  each  subaddress  to 
be  enabled  or  disabled  for  transmit  and/or  receive  commands 
(using  the  SUBADDR(TX)  and  SUBADDR(RX)  menus).  Enabled 
subaddresses  will  be  tested  per  PTP  paragraph  5.2.1.3.  The 
word  count  for  each  transmit  and  receive  enabled  subaddress 
can  also  be  specified;  unspecified  word  counts  are  accepted  as 
the  default  value  specified  in  the  DEFINE  UUT  CAPABILITIES 
sub-menu. 

WORD  COUNT  DEFINITION.  This  allows  the  user  to  define 
which  word  counts  the  UUT  is  capable  of  transmitting  and  receiv- 
ing (using  the  WORD  COUNT(TX)  and  WORD  COUNT(RX) 
menus  respectively).  The  enabled  word  counts  will  be  tested 
per  PTP  paragraph  5.2.1.2.  The  subaddress  for  each  enabled 
transmit  and  receive  word  count  can  also  be  specified;  un- 
specified subaddresses  are  accepted  as  the  default  value 
specified  in  the  DEFAULT  UUT  CAPABILITIES  sub-menu. 


ILLEGAL  COMMANDS  MENU 

The  respective  illegal  commands  menus  allow  the  illegalization 
of  selected  Transmit,  Receive  and  Mode  commands  (those  com- 
mands that  are  not  accepted  by  a  given  UUT).  Expected  RTU-re- 
sponse  types  can  be  assigned  to  each  command;  an  error  will 
be  flagged  if  the  UUT  fails  to  provide  the  assigned  response  type. 


ILLEGAL  MODE  COMMANDS.  This  option  allows  the  selective 
illegalization  of  mode  commands.  The  user  can  specify  "C"  (Clear 
status:  no  status  bits  set),  "N"  (No  Response  expected),  "M" 
(Message  Error  type  response),  or  "C"  (Clear  Status)  as  an 
expected  response  to  each  possible  mode  command. 


ILLEGAL  TRANSMIT  AND  ILLEGAL  RECEIVE  COMMANDS 
MENUS.  These  menus  allow  the  illegalization  of  selected  trans- 
mit and/or  receive  commands  respectively.  A  clear  response  is 
expected  in  response  to  Legal  commands  (select  "L")  and  a 
message  error  condition  is  expected  for  lllegalized  commands 
(select  "I"). 


PTP  PARAGRAPH  5.2.2.6  ILLEGAL  COMMANDS 

Production  Test  Plan  paragraph  5.2.2.6  (Illegal  Commands)  has 
been  subdivided  into  three  sections  (A,  B,  and  C)  in  order  to 
provide  a  mechanism  for  developing/debugging  command  il- 
legalization circuitry  (PROM)  for  the  RTU/Subsystem  under  test. 

As  with  all  tests,  selecting  a  higher  level  test  will  execute  all 
lower  level  tests  (for  example,  selecting  5.2.2.6  will  select  5.2.2.6 
A,  B,  and  C  as  well). 


FACTORY  DEFAULTS/EXPECTED  RESPONSE  TO  ILLEGAL 
COMMANDS.  A  CLEAR  RESPONSE  is  expected  for  (1 )  all  non- 
reserved  mode  commands  with  correct  T/R-bit  (except  Selected 
Transmitter  Shutdown/Override)  and  (2)  legal  non-mode  com- 
mands. NO  RESPONSE  is  expected  for  undefined  mode  com- 
mands only.  A  response  with  a  MESSAGE  ERROR  is  expected 
for  (1)  selected  transmitter  shutdown/override,  (2)  all  reserved 
mode  codes,  (3)  defined  commands  with  incorrect  T/R  bit  and 
(4)  illegalized  transmit/receive  commands. 
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EXECUTION  MENU  OPTIONS 

The  execution  menu  provides  access  to  actual  test  execution 
including  complete  PTP  protocol  testing,  user  configurations  and 
single  test  (individual  portions  of  paragraph  5.2)  execution. 


ADDITIONAL  FEATURES.  Execution  log  printing,  disk  storage 
of  IEEE-488  data,  BUS-68005  user/automatic  mode  implemen- 
tation, transmit  amplitude  specification  and  additional  non-real 
time  access  features  are  provided  via  the  TEST  CONFIGURA- 
TION and  DEFINE  UUT  menus;  see  specific  paragraphs  for 
detailed  discussion  of  these  topics. 


EXECUTE  ENTIRE  PTP 

This  option  is  selected  by  depressing  the  key  corresponding  to 
the  appropriate  Execution  Menu  Selection.  Note  that  test  execu- 
tion begins  immediately  and  can  be  interrupted  by  depressing 
the  F10  (HALT  EXECUTION)  key. 

The  ENTIRE  PTP  represents  the  setup  (configuration)  currently 
residing  in  memory.  This  setup  could  have  been  loaded  from  a 
disk  file,  auto-loaded  with  the  BUS-69005  operating  environment 
(DEFAULT,  file  -  see  general  operation),  factory  presets  and/or 
an  edited  from  of  one  of  these  setups. 


RUN  SINGLE  TEST 

Selecting  Single  Test  from  the  EXECUTION  MENU  provides  the 
user  with  the  following  options: 

(1)  Entering  a  test  paragraph  or  sub-paragraph  number  for 
immediate  execution.  When  a  paragraph  number  is  en- 
tered, all  tests  within  that  paragraph  and  respective  sub- 
paragraphs are  executed  based  on  the  current  test  and 
UUT  configurations  (current  setup). 


REAL-TIME  FUNCTIONS 

These  functions  allow  the  user  to  alter  the  test  execution  flow 
by  polling  for  function  actuation  following  the  completion  of  each 
test. 

Each  feature  can  be  used  independently  or  in  conjunction  with 
most  other  REAL-TIME  and  TEST  EXECUTION  functions. 
Prompts  within  the  BOTTOM  WINDOW  indicate  the  condition 
initiated  (toggle  on/off)  by  depressing  the  key  indicated. 


VIEW  1553  TRANSFERS  (F1).  Depressing  the  F1  key  toggles 
the  View  1553  Transfers  on/off  function.  Switching  to  the  ON 
position  ("F1  =  OFF"  will  be  displayed)  causes  the  BUS  ACTIV- 
ITY WINDOW  to  become  active  and  all  data  (command/data/ 
status)  transmitted  on  the  active  1553  bus  to  be  displayed.  Note 
that  execution  time  will  be  increased  by  activating  this  function. 


(2)  Depressing  F1 :  providing  test  paragraph  list.  From  the 
test  paragraph  list  the  user  may  then  select  any  para- 
graph or  sub-paragraph  using  the  arrow  keys  and  then 
depress  F1  to  display  test  paragraph  or  depress  F2  and 
execute  test  paragraph. 


EXITING  THE  BUS-69005  PROGRAM 

The  EXIT  MENU  should  be  used  to  exit  the  BUS-69005  operating 
environment.  Do  not  exit  by  power-down  or  Ctrl-Alt-Del.  To  insure 
proper  program  parameters,  exit  from  any  menu  by  simply  select- 
ing option  "1 "  and  then  answering  "Y"  "  — '  "  to  the  "Are 
You  Sure"  prompt  in  the  EXIT  MENU. 


SINGLE  STEP  (F2).  Depressing  the  F2  key  toggles  the  Single 
Step  on/off  function.  Switching  to  the  ON  position  ("F2  =  OFF" 
will  be  displayed)  causes  test  execution  to  pause  following  trans- 
mission of  each  message ;  continue  testing  by  depressing  any  key. 


REPEAT  SEQUENCE  (F3).  Depressing  the  F3  key  toggles  the 
Repeat  Test  on/off  function.  Switching  to  the  ON  position  ("F3 
=  OFF"  will  be  displayed)  causes  the  current  PTP  test  paragraph 
to  be  repeated  until  (1 )  the  test-in-progress  is  completed  following 
Repeat  Test  disable  (i.e.,  off)  or  (2)  the  UUT  fails  the  test  with 
Halt  On  Error  enabled. 


HALT  EXECUTION  (F10).  Depressing  the  F10  key  causes  test 
execution  to  halt  following  the  current  transmission.  Subsequent 
testing  will  begin  from  the  start  of  the  sequence;  testing  cannot 
be  continued  from  the  halted  instruction. 


BUS-69005  OPERATING  ENVIRONMENT 


BUS-69005  OPERATING  ENVIRONMENT 

Figure  6  on  the  last  page  illustrates  the  full  electrical  set-up 
required  to  use  the  BUS-69005  operating  environment.  Any  ad- 
ditional mating  connectors  or  cables  are  listed  in  table  7  and 
described  in  the  INSTALLATION  paragraph.  Note  that  the  BUS- 
68015  Noise  Tester  and  the  Automatic  Control  circuit  for  RTU 
address  and  status  word  bits  are  optional  items;  their  operations 
are  described  in  the  following  paragraphs. 

BUS-68015  NOISE  TESTER.  The  BUS-68015  Noise  Tester  is 
only  used  for  the  Bus  Switching  Test  (refer  to  Section  5.2.2.1, 
Dual  Redundant  Operation)  and  can  be  eliminated  if  this  test  is 
not  required.  The  BUS-69005  software  self-adjusts  to  either  con- 
figuration. 
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8-BIT  PARALLEL  I/O 


BUS-68005 
PARALLEL 
I/O  PORT 

m 


1   I  T7 


T6 


+5V 

u 


— 1 

1,10  — 
2 


74LS374 


ADDRESS  STROBE 


RTU  ADDRESS  PARITY 


5 

RTU  ADDRESS  E  (MSB)  _ 

6                                        RTU  ADDRESS  D 

9 

RTU  ADDRESS  C 

12 

RTU  ADDRESS  B 

15 

RTU  ADDRESS  A  (LSB) 

RTU  ADDRESS  STROBE 


.  4700  pl 


+  5V 

U 


|  10K 


2  ±  |  74LS08 y 


READ  REQUEST 


GROUND 


4700  pl 


RESET/STATUS  BITS  STROBE 


GROUND 


SERVICE  REQUEST 


6 

lUSY 

9 

SUBSYSTEM  FLAG 

12 

ACCEPT  DYNAMIC  BUS  CONTROL 

15 

RTU  FLAG 

TO  TEST 
FIXTURIZATION 


Note:  See  fkiure  6  on  the  last  page  for  the  complete  operating  environment, 

FIGURE  3.  OPTIONAL  AUTOMATIC  CONTROL  CIRCUIT 


OPTIONAL  AUTOMATIC  CONTROL  CIRCUIT 

An  optional  circuit,  (see  figure  3),  provides  a  method  for  varying 
the  RTU  Address  and  status  word  flag  bits  under  direct  control 
of  the  BUS-69005  software.  If  enabled,  (DEFINE  UUT  menu), 
the  testing  of  the  RTU's  variable  address  capability  is  performed 
per  paragraph  5.2.1 .1 .1  of  the  PTP.  Varying  the  status  word  bits 
is  required  for  the  following  paragraphs: 

5.2.2.2.1  Dynamic  Bus  Control 

5.2.2.2.7  Terminal  Bit  Flag  Inhibit  and  Override 

5.2.2.3.1  Service  Request 

5.2.2.3.3  Busy 

5.2.2.3.4  Subsystem  Flag 

5.2.2.3.5  Terminal  Flag 


Also  RTU  RESET  is  asserted  low  following  tests,  such  as 
Dynamic  Bus  Control  Acceptance,  that  require  the  RTU  UUT  to 
be  restored  to  a  known  state. 

AUTOMATIC  CONTROL  CIRCUIT  OPERATION.  As  shown  in 
figure  3,  the  ADDRESS  and  STATUS  signals  from  this  circuit 
interface  either  directly  to  the  protocol  logic  of  the  RTU  UUT  or 
indirectly,  through  the  test  fixture  and/or  the  subsystem  under 
test. 


Bit  0  (LSB)  through  bit  5  of  the  BUS-68005  parallel  port  (J2) 
convey  the  data  to  update  the  74LS374  latches  in  the  interface 
circuit.  Bit  7  (MSB)  from  the  parallel  port  is  used  as  a  positive 
edge-triggered  strobe  to  update  the  RTU  ADDRESS  and  RTU 
ADDRESS  PARITY  signals.  Bit  6  is  used  as  a  strobe  to  latch  in 
the  desired  signals  for  the  RTU  RESET  and  RTU  status  word 
bit  signals. 

Under  control  of  the  BUS-69005  software,  the  PC  communicates 
to  the  Exerciser  parallel  port  by  means  of  the  DMA  IEEE-488 
(GPIB)  interface. 

The  upper  latch  shown  in  the  optional  interface  circuit  provides 
the  RTU  ADDRESS  signals,  RTU  ADDRESS  E  (MSB)  through 
RTU  ADDRESS  A  (LSB)  and  the  RTU  ADDRESS  PARITY  sig- 
nal. The  logic  sense  of  the  RTU  ADDRESS  PARITY  signal  rep- 
resents odd  parity  based  on  the  value  of  RTU  ADDRESS  E 
through  RTU  ADDRESS  A.  This  signal  is  required  to  enable 
operation  of  most  1553  RTUs.  Both  the  RTU  ADDRESS  and 
RTU  ADDRESS  PARITY  signals  are  output  with  positive  true 
logic  sense. 

The  lower  latch  shown  in  figure  3  provides  an  RTU  RESET 
signal  and  5  signals  to  control  various  status  word  flag  bits  for 
the  RTU  UUT.  The  5  status  word  control  signals  are: 


VII-265 


SERVICE  REQUEST 
BUSY 

SUBSYSTEM  FLAG 

ACCEPT  DYNAMIC  BUS  CONTROL 

RTU  FLAG 

All  of  these  signals  are  presented  with  negative  true  logic.  BUSY, 
for  example,  is  brought  low  when  it  is  required  that  the  corres- 
ponding status  word  bit  be  asserted  high.  It  is  kept  high  at  all 
other  times.  Note  that  RTU  RESET  is  asserted  low  following 
specific  tests,  such  as  after  acceptance  of  a  Dynamic  Bus  Control 
mode  code  command,  that  require  that  the  protocol  logic  of  the 
RTU  UUT  be  restored  to  a  known  state. 

For  test  configurations  involving  an  indirect  interface  between 
the  output  of  the  latches  and  the  protocol  logic  of  the  RTU  UUT, 
a  mechanism  is  required  to  allow  the  appropriate  signals  to  the 
RTU  to  be  updated  by  the  test  fixture  and/or  subsystem  logic. 


The  timing  of  the  ADDRESS  or  STATUS  BITS  update  sequence 
is  illustrated  in  figure  4.  The  RTU  subsystem  signals  are  updated 
on  the  rising  edge  of  the  respective  strobe  pulse.  If  the  USER 
option  for  updating  the  RTU  ADDRESS  and  STATUS  WORD 
BITS  has  been  selected  in  the  TEST  CONFIGURATION  menu, 
an  "Operator  Action  Required"  type  prompt  will  be  displayed; 
appropriate  UUT  signals  can  be  updated  at  this  time.  Depressing 
the  Return  key  causes  test  execution  to  resume.  If  the  AUTOMA- 
TIC option  for  updating  these  bits  has  been  selected,  program 
execution  will  pause  for  the  programmed  value  of  DELAY  TIME 
before  the  resumption  of  test  messages  over  the  1553  busses; 
control  circuitry  can  update  the  appropriate  signals  within  this 
delay  time  period  (ATE).  DELAY  TIME  is  a  programmable 
parameter  in  the  TEST  CONFIGURATION  menu  and  has  a  pro- 
grammable range  of  0  to  999  ms,  with  a  factory  default  value 
of  0  (less  than  1  ms). 


RTU  ADDRESS 
OR 

STATUS  BITS 
LATCH  OUTPUTS 


ADDRESS  OR 
STATUS 
STROBE 


1553  DATA 
BUS 


"OLD"  VALUES 


I 


UPDATED  VALUES 


30  ns  MAX. 


PROGRAMMED 

 DELAY  

TIME 


NEXT  TEXT 
MESSAGE 


FIGURE  4.  AUTOMATIC  CONTROL  CIRCUIT  TIMING 


TRANSMITTER  AMPLITUDES 

The  protocol  portion  of  the  PTP  specifies  the  bus  tester  transmit- 
ter amplitudes  of  3.0  Vp-p  for  direct  coupled  stubs  for  the  RTU 
UUT,  or  2  1  Vp-p  for  transformer  coupled  RTUs. 

BUS-68005  TRANSMITTER  AMPLITUDE.  The  transmitter 
amplitude  of  the  BUS-68005  is  variable  from  approximately  0  to 
10  Vp-p  across  35  ohms  in  255  steps  of  approximately  40  mV. 
The  factory  default  relative  amplitude  setting  of  87  provides  an 
output  of  approximately  3.0  Vp-p  across  35  ohms,  as  the  test 
plan  requires  for  direct  coupled  RTUs.  A  programmed  relative 
amplitude  of  46  provides  an  approximate  amplitude  of  2.1  Vp-p 
across  70  ohms,  as  required  for  transformer  coupled  RTUs. 

BUS-68015  TRANSMITTER  AMPLITUDE.  The  transmitter 
amplitude  of  the  BUS-68015  is  variable  from  approximately  0  to 
6.5  Vp-p  from  its  direct  coupled  output  (J9)  across  35  ohms. 
The  factory  default  relative  amplitude  setting  of  1 1 7  provides  an 
approximate  output  of  3.0  Vp-p  across  35  ohms.  A  programmed 
relative  amplitude  of  51  provides  the  2.1  Vp-p  output  across  70 
ohms  required  for  testing  of  transformer  coupled  RTUs. 


PROGRAMMING    THE   TRANSMITTER   AMPLITUDE.  By 

means  of  the  TEST  CONFIGURATION  menu,  the  transmitter 
amplitude  is  a  programmable  parameter.  The  transmitter 
amplitudes  for  Channel  A  from  the  BUS-68005,  Channel  B  from 
the  BUS-68005  and  Channel  B  from  the  BUS-68015  (for  the 
Bus  Switching  Test)  are  independently  programmable.  For  test- 
ing of  transformer  coupled  RTUs,  the  three  parameters  should 
be  programmed  to  the  values  mentioned  above.  In  addition,  the 
programmed  values  may  be  further  adjusted  to  compensate  for 
variations  in  cabling  and  loading.  The  recommended  method  for 
doing  this  is  to  program  the  respective  transmitter  amplitudes 
by  means  of  the  instrument  front  panel  keyboards  and  increment 
or  decrement  the  relative  output  value  (0  to  255)  while  viewing 
the  data  bus  output  on  an  oscilloscope.  The  bus  waveform  should 
be  viewed  differentially  at  a  point  as  close  as  possible  to  the 
input  to  the  RTU  UUT.  The  final  adjusted  values  should  then  be 
entered  as  the  respective  parameters  in  the  TEST  CONFIGURA- 
TION menu  Refer  to  the  BUS-68005  and  BUS-6801 5  instruction 
manuals  for  further  information  regarding  the  programming  of 
transmitter  amplitudes. 
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PC  CONFIGURATION 

To  use  the  BUS-69005  ATE  operating  environment,  a  National 
Instruments  GPIB-PC2A  controller  card  must  be  installed  in  one 
of  the  expansion  slots  other  than  slot  8  in  the  PC.  The  GPIB 
address  is  fully  programmable  using  the  software  installation 
procedure  described  in  step  3  of  the  GPIB-PC2A  INSTALLA- 
TION paragraph. 


GPIB-PC2A  CONTROLLER  CARD  CONFIGURATION 

To  configure  the  GPIB-PC2A  controller  card,  proceed  as  follows: 

1 .  Install  jumper  17.  Jumpers  12  through  16  not  installed.  Set 
switch  U17  positions  0,  1 ,  and  2  to  the  OFF  (1)  position. 
(Enables  interrupt  line  17). 

2.  Set  switch  U1 7  positions  1 3  and  1 4  to  the  ON  (0)  position. 
(Configures  GPIB-PC2A  card's  base  address  to  02E1 
HEX). 

3.  Install  jumpers  R1  and  A1 .  Jumpers  R2,  A2,  R3,  and  A3 
are  not  installed.  (Designates  DMA  Channel  1  for  the 
GPIB-PC2A  card's  use  to  access  memory.) 

For  additional  information,  consult  the  GPIB-PC  User  Manual. 


TABLE  7.  SUGGESTED  MATING  CONNECTORS 

BUS-68005 

CONNECTOR 

J2  (PARALLEL  I/O) 
J1 5  (TRIGGER  INPUT) 

J9,J10(CHA  A.CHA  B) 

TRW  DB25S  (DB25  FEMALE) 
AMPHENOL  1 7-1 0500-1  -390 
50-PIN  FEMALE 

TROMPETER  PL75-47  TRIAX  MALE 

BUS-68015 

CONNECTOR 

J9  (DIRECT  COUPLING) 
J11(SYNC  OUTPUT) 

TROMPETER  PL75-47  TRIAX  MALE 
PONON A  4488  BNC  MALE 

BUS  CABLES 

TROMPETER  14949  78  OHM  TRIAX 

TEST  EQUIPMENT  CONNECTIONS 

Once  the  GPIB-PC2A  has  been  configured  and  installed  and 
the  color  enhancement  cards  in  the  PC  are  set  for  CGA,  refer 
to  figure  3  and  table  7  and  perform  the  following  steps: 

1 .  Connect  the  GPIB-PC2A  controller  to  GPIB  ports  on  BUS- 
68005  (J4)  and  BUS-68015  (J3). 

2.  Connect  the  SYNC  OUTPUT  (J1 1 )  from  the  BUS-6801 5 
to  the  TRIGGER  INPUT  (J15)  of  the  BUS-68005. 


GPIB-PC2A  CONTROLLER  CARD  INSTALLATION 

Once  the  GPIB-PC2A  is  configured,  plug  into  one  of  the  expan- 
sion slots  (other  than  slot  8)  in  the  PC  and  perform  the  following: 

1.  Connect  the  GPIB-PC2A  to  the  IEEE-488  (GPIB)  ports 
of  BUS-68005  Data  Bus  Exerciser  and  the  BUS-68015 
Noise  Tester  (if  used)  using  any  standard  24-conductor 
GPIB  cable. 


Note 

To  assure  that  the  BUS-68005  and  BUS- 
68015  operate  properly,  turn  power  off  before 
updating  the  GPIB  addresses  and  make  cer- 
tain the  BUS-68005's  I/O  SELECT  SWITCH 
on  the  rear  panel  is  set  to  the  GPIB  position. 

Set  the  GPIB  address  of  the  BUS-68005  and  BUS-68015 
using  the  rear  panel  switches  on  each.  The  MSB/LSB 
and  logic  sense  are  marked  on  the  panels.  Note  that  the 
selected  addresses  must  agree  with  the  respective  ad- 
dresses specified  in  the  BUS-69005's  INSTALL  program. 
The  factory  default  addresses  are  0  for  the  GPIB-PC2A 
card,  1  for  the  BUS-68005,  and  2  for  the  BUS-68015. 


GRAPHICS  ADAPTER 

Make  sure  that  any  color  graphics  enhancement  cards  in  the 
PC's  expansion  slots  are  set  for  CGA  (color  graphics  adapter) 
compatibility.  The  BUS-69005  software  adapts  automatically  to 
monochrome  and  color  monitors. 


Note 

When  connecting  1553  Bus  A  and  B,  the  use 
of  two  35  Ohm  resistors  (direct  coupling)  or 
two  70  Ohm  resistors  (transformer  coupling) 
to  simulate  the  two  data  busses  complies  with 
the  PTP  for  the  protocol  portion  of  the  test. 


3.  Connect  BUS-68005  CH.  A  (J9)  to  PRIMARY  BUS  A 
input  of  RTU  UUT. 

4.  Connect  BUS-68005  CH.  B  (J10)  and  BUS-68015  DI- 
RECT (J9)  to  SECONDARY  BUS  B  input  of  RTU  UUT. 


OPTIONAL  AUTOMATIC  CONTROL 
INTERFACE  CIRCUIT 

If  the  optional  automatic  control  interface  circuit  is  used,  refer 
to  figure  3  and  perform  the  following: 

1 .  Connect  PARALLEL  I/O  (J2)  of  BUS-68005  to  the  external 
circuit.  Keep  ground  connection  from  J2-9  and  J2-13  as 
close  as  possible  to  the  J2  connector  pins  to  minimize 
noise. 

2.  Connect  outputs  of  Interface  Circuit  to  RTU  test  fixture 
or  Subsystem  Interface. 
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IBM  PC/XT/AT  OR  COMPATIBLE  SET-UP 

To  "boot  up"  the  PC,  place  the  DOS  SYSTEM  disk  (DOS  2.0  or 
higher)  in  the  default  drive;  then,  if  the  power  switch  is  in  the  off 
position,  toggle  the  power  switch  to  the  on  position.  If  the  PC  is 
already  powered  up,  (1)  depress  the  Ctrl,  Alt  and  Del  keys  simul- 
taneously, or  (2)  toggle  the  power  switch  to  the  off  position  and 
then  back  to  the  on  position.  After  a  short  (self  test)  period,  the 
following  will  appear: 

A:  Date 

Current  date  is  xxx  nn-nn-nn 
Enter  new  date: 

(xxx  =  Abbr.  day  of  the  week;  nn  ■  Num.  day,  month,  year) 

Type  the  new  date  in  the  SAME  format  as  the  current  date 
appears  followed  by  — '  (Return).  The  new  time  will  then 
be  requested.  Follow  the  same  procedure  as  in  entering  the 
date  making  sure  that  the  time  is  entered  in  the  same  format  as 
it  is  presented. 


BACKING  UP  THE  BUS-69005  SYSTEM  DISK 

Cover  the  notch  in  the  BUS-69005  SYSTEM  disk  with  a  write-pro- 
tect  tab  to  prevent  accidental  erasure.  Place  the  BUS-69005 
SYSTEM  disk  in  the  PC's  A  drive.  To  make  a  backup  copy, 
proceed  as  follows: 
For  a  two  drive  system,  type: 

DISKCOPY  A:  B:  -«  ' 

For  single  drive  systems,  type: 

DISKCOPY  A:  A:  — ' 
At  the  prompt,  insert  the  appropriate  disk.  To  continue  execution, 
press  any  key.  When  the  PC  prompts  "COPY  (?)  ANOTHER", 
type  "NO".  The  A>  prompt  will  be  displayed. 

INSTALLING  THE  SYSTEM  DISK  FILES 
ON  A  HARD  DISK  SYSTEM 

Boot  up  the  PC  as  described  above.  Insert  the  BUS-69005  SYS- 
TEM disk  in  the  current  default  drive  and  type: 

MD  C:\ subdirectory  name>  -* — ' 

CD  ^subdirectory  name>  — ' 

COPY  *.«  C:\ subdirectory  name>   ' 


LOADING  THE  INS69005  (INSTALLATIO 


LOADING  THE  INS69005  (INSTALLATION)  PROGRAM 


The  complete  BUS-69005  Installation  Menu  is  shown  in  figure  5. 
Note 

Throughout  this  data  sheet,  when  keyboard 
entries  are  required  from  the  user,  they  will  be 
enclosed  in  double  quotation  marks  ("  — l "). 
Load  the  BUS-69005  Installation  program  by  placing  the  BUS- 
69005  system  disk  in  the  default  drive  and  typing  "INS69005" 
("Hard  drive"  users  select  drive  C:  and  the  appropriate  subdirec- 
tory). The  installation  menu  will  appear  providing  the  options 
listed  in  table  8. 


TABLE  8.  BUS-69005  INSTALLATION  MENU 

OPTION 

FUNCTION 

(1)  COLOR  DEFINITION 

(2)  KEYBOARD  DEFINITION 

(3)  GPIB  DEFINITION 

(4)  EXIT 

Foreground/Background  color: 

each  Window. 

For  accomodating  custom 

keyboard  layouts. 

GPIB  Address. 

Return  to  DOS. 

COLOR  DEFINITION 

This  installation  option  provides  listings  of  all  available  fore- 
ground and  background  colors  as  well  as  all  available  menus. 
Two  spare  windows  have  been  included  for  future  expansion 
and  are  not  used  in  the  current  BUS-69005  software.  Simply 
select  the  appropriate  window,  background  and  foreground  num- 
bers, depressing  the  -4 — *  key  following  each  entry  (see 
table  9  for  window  definitions). 


KEYBOARD  DEFINITION 

This  option  allows  the  user  to  re-assign  each  key  function  to 
any  key  on  his  or  her  current  keyboard.  For  each  key-name 
displayed,  depress  the  corresponding  key  for  assignment.  Note 
that  a  given  key  function  can  be  applied  to  only  one  key.  See 
SPECIAL  FUNCTION  KEYS  paragraph  for  a  complete  descrip- 
tion. 
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KEYBOARD  DEFINITION 


WINDOW  NUMBER 
BACKGROUND  COLOR  # 
FOREGROUND  COLOR  # 


GPIB  ADDRESS 


RETURN  TO  DEPRESS  KEY 
INSTALL  WITH  THIS 

FUNCTION 


EXIT  MENU 


RETURN  TO 
INSTALL 


ENTER 
CONTROLLER/ 


RETURN  TO 

INSTALL 
MAIN  MENU 


RETURN 
CONTROL 
TO  DOS 


FIGURE  5.  INSTALLATION  MENU  (INS69005  PROGRAM) 


TABLE  9.  BUS-69005  WINDOWS 

Window  Name 

Definition 

Associated 
Menu/Selection 

Evoking  Window 

Top 

Main 

Bottom 

File  Transfer 

Manual  Operation 

Bus  Activity 

IEEE-488  Error 

HELP/Paragraphs 

ILC  Data  Device  Corp. 
Menus,  Colors,  Options 
Prompts,  Instructions 
Filename  entry 
Status  condition  setup 
1 553  data-transfer  monitor 
GPIBfailure  reporting 
PTP  paragraphs  displayed 

All  Menus 

All  Menus 

All  Menus 

SETUP/Save,  Load 

EDIT/lntervention 

EXECUTION/Run... 

EXECUTION/Run... 

EDIT/ActivateTest 

All  screens 
Auto  as  necessary 
Auto  as  necessary 
Initiate  transfer 
Select  MANUAL 
F1  -key  when  available 
Auto  as  necessary 
F1  -key  when  available 

GPIB  DEFINITION 

This  option  allows  the  user  to  specify  the  I/O  port  address,  DMA 
channel  and  timeout  value  for  the  GPIB-PC2A  Controller  card 
as  well  as  the  GPIB  address  of  the  National  Instruments  GPIB- 
PC2A  Controller  card  and  the  BUS-68005  and  BUS-68015  in- 
struments. 

Following  the  "PC-2A  I/O  PORT  ADDRESS"  prompt,  enter  the 
Base  I/O  address  of  the  GPIB-PC2A  within  the  PC  in  decimal 
(i.e.,  02E1  hex  =  737  decimal). 

Following  the  "PC-2A  ADDRESS  OF  GPIB",  enter  the  GPIB 

address  of  the  Controller  card  (0  to  32). 

Following  the  "PC-2A  DMA  CHANNEL"  prompt,  enter  the  value 

to  agree  with  the  value  of  the  card,  as  configured  by  the  jumpers. 

Following  the  "PC-2A  TIMEOUT"  prompt,  enter  the  timeout 

value,  in  ms  (10,000  is  the  suggested  value). 

Finally,  enter  the  address  of  the  BUS-68005  and  BUS-68015  (if 

used).  The  default  values  for  the  PC-2A  port  address,  DMA 

channel,  and  timeout  are  737  (02E1  HEX),  1  and  1 0,000,  respec- 


tively. The  default  GPIB  address  for  the  controller  card,  BUS- 
68005,  and  BUS-68015  are  0,  1,  and  2,  respectively. 


EXITING  THE  INS69005  PROGRAM 

When  selected,  INS69005  program  is  exited  and  the  computer 
returned  to  DOS  control. 

Once  the  hardware  has  been  connected  as  described  in  the 
TEST  EQUIPMENT  CONNECTION  paragraph,  the  boot-up  pro- 
cedures of  the  IBM  PC/XT/AT  OR  COMPATIBLE  SETUP  para- 
graph have  been  followed,  and  the  INS69005  program  has  been 
run,  the  BUS-69005.COM  program  can  now  be  installed. 
Load  the  BUS-69005  operating  environment  by  placing  the  BUS- 
69005  SYSTEM  disk  in  the  default  drive  and  typing  "BUS69005". 
Note  that  all  files  on  the  original  BUS-69005  diskette  must  be 
present  during  loading.  The  BUS-69005  operating  environment 
is  loaded  along  with  the  RTU  Unit-Under-Test  (UUT)  and  RTU 
Protocol  Production-Test-Plan  (PTP)  configurations  contained 
in  the  [DEFAULT.      ]  setup-file. 
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The  Following  Test  Paragraphs  are  Active 

5.2. 1  RT  RESPONSE  TO  COMMAND  WORDS 

5.2.1.1  RT  ADDRESS 

5.2.1.1.1  VALID  RT  ADDRESS 

5.2.1 .1 .2  INVALID  RT  ADDRESS 

5.2.1.2  WORD  COUNT 

5.2.1.3  SUBADDRESS 

5.2.1.4  ERROR  INJECTION 

5.2.2  OPTIONAL  OPERATION 

5.2.2.1  DUAL  REDUNDANT  OPERATION 

5.2.2.2  MODE  COMMANDS 

5.2.2.2.1  DYNAMIC  BUS  CONTROL 

5.2.2.2.2  SYNCHRONIZE 

5.2.2.2.2.1  SYNCHRONIZE  (WITHOUT  DATA  WORD) 

5.2.2.2.2.2  SYNCHRONIZE  (WITH  DATA  WORD) 

5.2.2.2.3  TRANSMIT  STATUS 

5.2.2.2.4  INITIATE  SELF  TEST 

5.2.2.2.5  TRANSMIT  BIT  WORD 

5.2.2.2.6  TRANSMITTER  SHUTDOWN  AND  OVERRIDE 

5.2.2.2.6.1  DUAL  REDUNDANT  SHUTDOWN  AND  OVERRIDES 

5.2.2.2.6.2  SELECTIVE  SHUTDOWN  AND  OVERRIDES 

5.2.2.2.7  TERMINAL  FLAG  BIT  INHIBIT  AND  OVERRIDE 

5.2.2.2.8  RESET  REMOTE  TERMINAL 

5.2.2.2.9  TRANSMIT  VECTOR  WORD 

5.2.2.2.10  TRANSMIT  LAST  COMMAND 

5.2.2.3  STATUS  WORD 

5.2.2.3.1  SERVICE  REQUEST 

5.2.2.3.2  BROADCAST 

5.2.2.3.3  BUSY 

5.2.2.3.4  SUBSYSTEM  FLAG 

5.2.2.3.5  TERMINAL  FLAG 

5.2.2.4  BROADCAST  MESSAGES 

5.2.2.4.1  RESPONSE  TO  BROADCAST  MESSAGES 

5.2.2.4.1 .1  BC  TO  RT  BROADCAST  COMMANDS 

5.2.2.4.1 .2  BROADCAST  MODE  COMMANDS 

5.2.2.4.1 .2.1  BROADCAST  SYNCHRONIZE  (WITHOUT  DATA  WORD) 

5.2.2.4.1 .2.2  BROADCAST  SYNCHRONIZE  (WITH  DATA  WORD) 

5.2.2.4.1 .2.3  BROADCAST  INITIATE  SELF  TEST 

5.2.2.4.1 .2.4  BROADCAST  TRANSMITTER  SHUTDOWN  AND  OVERRIDES 

5.2.2.4.1 .2.4.1  BROADCAST  DUAL  REDUNDANT  SHUTDOWN  AND  OVERRIDES 

5.2.2.4.1 .2.4.2  BROADCAST  SELECTIVE  BUS  SHUTDOWN  AND  OVERRIDES 

5.2.2.4.1 .2.5  BROADCAST  TERMINAL  FLAG  BIT  INHIBIT  AND  OVERRIDE 

5.2.2.4.1 .2.6  BROADCAST  RESET  REMOTE  TERMINAL 

5.2.2.4. 1 .3  RT  TO  RT  BROADCAST  COMMANDS 

5.2.2.5  RT  TO  RT  TRANSFERS 

5.2.2.5.1  RT  TO  RT  TRANSMIT 

5.2.2.5.2  RT  TORT  RECEIVE 

5.2.2.5.3  RT  TO  RT  TIMEOUT 

5.2.2.6  ILLEGAL  COMMANDS 
5.2.2.6A  ILLEGAL  TX  +  RX 
5.2.2.6B  ILLEGAL  INVALID 
5.2.2.6C  ILLEGAL  MODE  CODE 
The  Following  Test  Paragraphs  are  Inactive 

*"*  NO  INACTIVE  TEST  PARAGRAPHS  **** 
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General  UUT  Capabilities 

Test  Configuration 

RT  ADDRESS 

1 

EXECUTION  LOG: 

0 

VARIABLE  ADDRESS  CAPABILITY 

N 

HALT  ON  ERROR: 

NO 

TRANSMIT  CAPABILITY 

Y 

REPEAT  TEST: 

NO 

TRANSMIT  SA 

30 

IEEE-488  Debug: 

NO 

TRANSMIT  WC 

32 

USER/AUTOMATIC  CONTROL  BITS 

User 

RECEIVE  CAPABILITY 

Y 

CONTROL  BITS  DFLAY 

q 

RECEIVE  SA 

30 

AMPLITUDE  BUS-68005  BUS  A 

87 

RECEIVE  WC 

32 

AMPLITUDE  BUS-68005  BUS  B 

87 

TEST  BUS  A 

Yes 

AMPLITUDE  6801 5 

117 

TEST  BUS  B 

Yes 

SIMULATED  RT  ADDRESS 

30 

SELECTED  BUS  SHUTDOWN  DATA  (A) 

1 

SELECTED  BUS  SHUTDOWN  DATA  (B) 

0 

DYNAMIC  BUS  CONTROL: 

3  Both 

SUB  ADDRESS  TEST  -  TRANSMIT  COMMANDS 


SA  01  WC  20 

SA  09   WC  20 

SA 

11 

WC 

20 

SA 

19 

WC 

20 

SA  02  WC  20 

SA  OA  WC  20 

SA 

12 

WC 

20 

SA 

1A 

WC 

20 

SA  03  WC  20 

SA  0B  WC  20 

SA 

13 

WC 

20 

SA 

1B 

WC 

20 

SA  04  WC  20 

SA  0C  WC  20 

SA 

14 

WC 

20 

SA 

1C 

WC 

20 

SA  05  WC  20 

SA  0D  WC  20 

SA 

15 

WC 

20 

SA 

1D 

WC 

20 

SA  06  WC  20 

SA  0E  WC  20 

SA 

16 

WC 

20 

SA 

1E 

WC 

20 

SA  07  WC  20 

SA  OF  WC  20 

SA 

17 

WC 

20 

SA  08  WC  20 

SA  10  WC  20 

SA 

18 

WC 

20 

SUB  ADDRESS  TEST  - 

RECEIVE  COMMANDS 

SA  01  WC  20 

SA  09   WC  20 

SA 

11 

WC 

20 

SA 

19 

WC 

20 

SA  02  WC  20 

SA  OA  WC  20 

SA 

12 

WC 

20 

SA 

1A 

WC 

20 

SA  03  WC  20 

SA  0B  WC  20 

SA 

13 

WC 

20 

SA 

1B 

WC 

20 

SA  04  WC  20 

SA  0C  WC  20 

SA 

14 

WC 

20 

SA 

1C 

WC 

20 

SA  05  WC  20 

SA  0D  WC  20 

SA 

15 

WC 

20 

SA 

1D 

WC 

20 

SA  06  WC  20 

SA  0E  WC  20 

SA 

16 

WC 

20 

SA 

1E 

WC 

20 

SA  07  WC  20 

SA  OF  WC  20 

SA 

17 

WC 

20 

SA  08  WC  20 

SA  10  WC  20 

SA 

18 

WC  20 

WORD  COUNT  TEST -TRANSMIT  COMMANDS 


WC  01  SA  1E 

WC  09  SA 

1E 

WC 

11 

SA 

1E 

WC 

19 

SA 

1E 

WC  02  SA  1E 

WC  OA  SA 

1E 

WC 

12 

SA 

1E 

WC 

1A 

SA 

1E 

WC  03  SA  1E 

WC  0B  SA 

1E 

WC 

13 

SA 

1E 

WC 

1B 

SA 

1E 

WC  04  SA  1E 

WC  0C  SA 

1E 

WC 

14 

SA 

1E 

WC 

1C 

SA 

1E 

WC  05  SA  1E 

WC  0D  SA 

1E 

WC 

15 

SA 

1E 

WC 

1D 

SA 

1E 

WC  06  SA  1E 

WC  0E  SA 

1E 

WC 

16 

SA 

1E 

WC 

1E 

SA 

1E 

WC  07  SA  1E 

WC  OF  SA 

1E 

WC 

17 

SA 

1E 

WC 

1F 

SA 

1E 

WC  08  SA  1E 

WC  10  SA 

1E 

WC 

18 

SA 

1E 

WC 

20 

SA 

1E 

WORD  COUNT  TEST  - 

RECEIVE  COMMANDS 

WC  01  SA  1E 

WC  09  SA 

1E 

WC 

11 

SA 

1E 

WC 

19 

SA 

1E 

WC  02  SA  1E 

WC  OA  SA 

1E 

WC 

12 

SA 

1E 

WC 

1A 

SA 

1E 

WC  03  SA  1E 

WC  0B  SA 

1E 

WC 

13 

SA 

1E 

WC 

1B 

SA 

1E 

WC  04  SA  1E 

WC  0C  SA 

1E 

WC 

14 

SA 

1E 

WC 

1C 

SA 

1E 

WC  05  SA  1E 

WC  0D  SA 

1E 

WC 

15 

SA 

1E 

WC 

1D 

SA 

1E 

WC  06  SA  1E 

WC  0E  SA 

1E 

WC 

16 

SA 

1E 

WC 

1E 

SA 

1E 

WC  07  SA  1E 

WC  OF  SA 

1E 

WC 

17 

SA 

1E 

WC 

1F 

SA 

1E 

WC  08  SA  1E 

WC  10  SA 

1E 

WC 

18 

SA 

1E 

WC 

20 

SA 

1E 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-69005 


:ACTORY  DEFAULTS 


ILLEGAL  TRANSMIT  COMMANDS 

Word  Count 

00000000000000011111111111111112 
SA  1  23456789ABCDEF01  2  3  4  5  6  7  8  9  ABCDE  F0 


01 

* 

* 

* 

* 

* 

* 

* 

A 

* 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

* 

A  A 

*  *  *  * 

*  *  *  *  * 

02 

* 

* 

* 

* 

* 

* 

* 

A 

* 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

03 

* 

* 

* 

* 

* 

* 

* 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

* 

A  A 

*  *  *  * 

A  A  A  A  A 

04 

* 

A 

* 

* 

* 

* 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

* 

A  A 

★  *  *  * 

*  *  *  *  * 

05 

* 

* 

* 

* 

* 

* 

* 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

06 

* 

* 

* 

* 

* 

A 

* 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

07 

* 

* 

* 

* 

* 

* 

* 

* 

A 

* 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

08 

A 

A 

* 

* 

* 

* 

* 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

09 

* 

* 

* 

* 

* 

* 

A 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

* 

A 

* 

*  A 

*  *  *  * 

*  *  *  *  * 

OA 

* 

* 

* 

* 

* 

* 

A 

A 

A 

A 

★  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

0B 

* 

* 

* 

* 

* 

* 

A 

A 

A 

A 

★  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

OC 

* 

* 

* 

* 

* 

* 

A 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

0D 

* 

* 

* 

* 

* 

* 

A 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

0E 

* 

* 

* 

* 

* 

* 

A 

A 

A 

A 

*  *  *  * 

A 

*  *  * 

A 

A 

A 

A  A 

*  *  *  * 

*  *  *  *  * 

OF 

* 

* 

* 

* 

* 

* 

* 

* 

****** 

* 

*  *  * 

A  A 

A 

*********** 

Word 

0000000000000001 1 
SA  123456789ABCDEF01 
11 
12 
13 
14 
15 
16 
17 
18 
19 


Count 

111111111111112 
23456789ABCDEF0 


******** 
******** 
******** 
******** 

r  *  *  *  *  * 
******** 
******** 
******** 
*  *  *  *  * 

1A  ******** 
1B  ******** 
1 C  ******** 
1D  ******** 

r  ******  * 


1E 
1F  *  +  i 


*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 


*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 


*  *  i 

*  *  1 

*  *  1 

*  ★  i 

*  *  1 

*  *  i 

*  *  1 

*  *  i 

*  *  i 

*  *  1 

*  *  1 


!  *****  i 

r  *****  i 
r  *****  i 
r  *****  i 
r  *  *  *  *  * 
r  *  *  *  *  * 
r  *  *  *  *  * 

■  A  A  A  A  A 

r  *  *  *  *  * 
r  *  *  *  *  * 

:  A  A  A  A  A 

r  *  *  *  *  * 
r  *  *  *  *  * 
r  *  *  *  *  * 


*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 


*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 
**** 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 

*  *  *  * 


ILLEGAL  RECEIVE  COMMANDS 

Word  Count 

00000000000000011111111111111112 
SA  1 2  34  5  6  78  9ABCDEF01 2 3 4 5 6 7 8 9 ABCDE F 0 
01 
02 
03 
04 
05 
06 
07 
08 
09 


SA 

********************************  11 
********************************  12 
********************************  13 

14 
15 

********************************  16 
********************************  17 
********************************  18 
********************************  19 
OA  ********************************  1A 
0B  ********************************  1B 
OC  ********************************  1C 
OD  ********************************  1D 
OE  ********************************  1E 
OF  ********************************  1F 


Word  Count 

00000000000000011111111111111112 
1 23456789 ABCDEF01 234  5  6  78  9ABCDEF0 

*********** 
******************************** 
*  *  *  i 


********** 
******************************** 
******************************** 
******************************** 


ILLEGAL  MODE  CODES 

RX  Mode  Codes 
00000000000000011111111111111112 
SA  1 23456789ABCDEF0  1 2 3 4 5 6 7 8 9 ABCDE FO 

00   *  - 

1F   *  - 


TX  Mode  Codes 
00000000000000011111111111111112 
SA  1 2  34  5  678  9ABCDEF01 23456789ABCDEF0 

00  ********  *.**  * 

1F  ********  *  .  **  * 


*  -  CLEAR  STATUS 
-  =  NO  RESPONSES 

.  =  STATUS  WORD  WITH  MESSAGE  ERROR  BIT  SET 


VII-272 


(DOS 

ILC  DATA  OEVICI 
CORPORATION  . 


BUS-69005 


EXECUTION  LOG  (Example) 


Examples  of  the  different  formats  of  the  Print  Execution  Log  are  shown  below. 


FORMAT  0.  Do  NOT  print  execution  log 
FORMAT  1.  Print  BRIEF  Log 


FORMAT  2.  Print  EXPANDED  ERROR  Log 
FORMAT  3.  Print  EXPANDED  COMPLETE  Log 


FORMAT  1  Print  BRIEF  LOG 
BRIEF  LOG  (NO  ERRORS) 

15:54:53 

Time1 

BRIEF  LOG  (ERRORS) 

15:55:02 

Time1 


5.2.1.1 

Paragraph 
Number 


Init  Block  01 

Block 
Number 


5.2.1.2 

Paragraph 
Number 

RTU:01 

RTU 
Address 


TR:0 

T/R 
bit 


SAE:1 

Subaddress 


VALID  RTU  ADDRESS 

Test  Paragraph 
Name 


WORD  COUNT 

Test  Paragraph 
Name 

WC:01 

Word  Count 


ERROR  -  INCORRECT  STATUS  WORD  0C00  CMD 

 Error  Type  


Word 
Rcvd 


1/0/30/ 

Error  this 
command 
RTU.T/R.SA.WC 


EXPECTED:  CS 

Data  Expected 


FORMAT  2  Print  EXPANDED  ERROR  LOG 
EXPANDED  ERROR  LOG  (NO  ERRORS) 

15:54:53  5.2.1.1  VALID  RTU  ADDRESS 

Time  Paragraph  Test  Paragraph 

Number  Name 


FORMAT  3  EXPANDED  ERROR  LOG  (ERRORS)  and 

EXPANDED  COMPLETE  LOG  (WITH  AND  WITHOUT  ERRORS) 


Message  Block  1 

Control  Word 
Command  Word 
Transmit  Data 

Transmit  Data 
Status  Word 


word  type 


02  00FFFF(Hexcode)2 
0BC1  00  80 
00000080 


nnnn  nnnn 
nnnn  nnnn 

VT 

bus  status 
info  errors 


Notes: 

1.  Start  time  of  test  or  SKIPPED"  indicating  that  test  is  inactive.  Each  printout  with  all  tests  passed  will  be  of  same  length 

2.  Consult  BUS-68005  Manual  for  definitions  of  hex  codes. 
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ILC  DATA  DEVICE 
CORPORATION   


BUS-69005 


BUS-69005  0PERA1 


RONMENT  INSTALLATION 


8-BIT 
PARALLEL 

I/O 


J9 
CH.A 


J4 
GPIB 


JtO 
'  CH.B 


I  [  '  )  SHLD 


IBM  PC/XT/AT 

OR 

COMPATIBLE 

NATIONAL  INSTRUMENTS 

GPIB-PC2A 

INTERFACE  CARD 

GPIB 


SHLD 


TRIGGER  INPUT 


16,17,34,35  GROUND 


SYNC  OUT 


GROUND 


REALTIME 
MONITOR/ 
TRIGGER 


BUS-68005 

DATA  BUS  EXERCISER 


,  J11 
'  SYNC 


J3 
GPIB 


BUS-68015 

NOISE 
TESTER 


DIRECT 
BUS  OUTPUT 


I  [  "  )  SHLD 


1553  BUS  B 


•DATA  BUS  TERMINATING  RESISTORS: 

35  OHMS  FOR  DIRECT  COUPLED  RTU  UNDER  TEST 

70  OHMS  FOR  TRANSFORMER  COUPLED  RTU  UNDER  TEST 


_wv- 


-vw- 


PRI  (BUS  A) 


SEC  (BUS  B) 


REMOTE  TERMINAL  UNIT 
UNDER  TEST 


RTU  "SUBSYSTEM"  INTERFACE 


OPTIONAL  AUTOMATIC 
CONTROL  CIRCUIT 


I 


I 


■►H 


SUBSYSTEM  | 
FIXTURIZATION  |       ^  | 

 L  I 


FIGURE  6.  BUS-69005  OPERATING  ENVIRONMENT  ELECTRICAL  SET-UP 


ORDERING  INFORMATION 

BUS-69005  MIL-STD-1553  PROTOCOL  SOFTWARE 

To  obtain  data  sheets  on  the  following  products,  consult  factory. 
BUS-68005  MIL-STD-1553  DATA  BUS  EXERCISER 
BUS-68015  MIL-STD-1553  NOISE  TESTER 


C 
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BUS-69006  ADDENDUM  TO  BUS-69005 


MIL-STD-1553  PROTOCOL  SOFTWARE 


PERFORMS  BUS  SWITCHING 
TEST  WITH  TWO  BUS-68005s 


DESCRIPTION 

The  BUS-69006  MIL-STD-1553  Protocol  Test  software  provides 
a  menu-driven  Automatic  Test  Equipment  (ATE)  environment 
using  an  IBM  PC/XT/AT  host  along  with  two  of  DDC's  BUS-68005 
Data  Bus  Exercisers  to  perform  all  protocol  tests  specified  in 
the  SAE  RTU  Production  Test  Plan  (Section  5.2). 

The  BUS-69006  Production  Test  Plan  Software  operates  the 
same  as  the  BUS-69005  Software  with  the  following  exception: 
In  order  to  run  Paragraph  5.2.2. 1  of  the  PTP  Dual  Redundant 
Operation  (or  Bus  Switching  Test),  a  second  BUS-68005  Data 
Bus  Exerciser  is  used  (instead  of  a  BUS-68015  Noise  Tester) 
in  conjunction  with  the  primary  BUS-68005.  It  is  necessary  to 


have  two  (2)  BUS-68005S  installed  on  the  GPIB  bus  in  order  to 
run  the  BUS-69006  software. 

The  second  BUS-68005  is  referred  to  as  BUS-68005  #2.  The 
BUS-68005  #2's  GPIB  Address  factory  default  is  2  and  may  be 
changed  with  the  INS69006  (installation)  program.  The  factory 
default  of  the  National  Instruments  GPIB-PC2A  Card  and  BUS- 
68005  #1  remain  0  and  1,  respectively. 

In  the  TEST  CONFIGURATION  menu  for  the  BUS-69006,  there 
is  an  entry  for  the  BUS-68005  #2  Transmitter  Amplitude.  The 
factory  default  is  87,  the  same  as  BUS-68005  #1  CH  A  and  CH 
B.  This  provides  approximately  3.0  Vpp  across  35  Ohms  as 
required  by  the  PTP  for  direct  coupled  RTUs. 


A 


/ 

• 

I 

GPIB 


BUS-68005  #1 

CONTROL 

BUS-68005  #2 

1553  BUS  A 


U.U.T. 
(MIL-STD-1553  RTU) 


1553  BUS  B 


FIGURE  1.  BUS-69006  OPERATING  ENVIRONMENT 


BUS-69006  OPERATING  ENVIRONMENT 
INSTALLATION 

Figure  2  illustrates  the  full  electrical  set-up  required  to  use  the 
BUS-69006  operating  environment.  Table  1  lists  the  cable  con- 
nectors required. 

The  BUS-69006  set-up  is  similar  to  the  BUS-69005  with  the 
following  exceptions: 

1.  The  BUS-68005  Data  Bus  Exerciser  is  designated  BUS- 
68005  #r  and  the  BUS-68005  (which  replaces  the  BUS- 
68015)  is  designated  BUS-68005  #2. 

2.  Connection  to  the  optional  automatic  control  circuit  for 
control  of  RTU  Address  and  Status  Word  bits  is  from  the 
Parallel  I/O  port  connector  J2  of  BUS-68005  #1,  not  BUS- 
68005  #2. 

3.  1553  Bus  A  connects  from  J9  (CH  A)  of  BUS-68005  #1 
to  BUS  A  input  of  the  RTU  under  test.  1 553  Bus  B  connects 


TABLE  1.  BUS-69006 

SUGGESTED  MATING  CONNECTORS 

BUS-68005 

CONNECTOR 

J2  (PARALLEL  I/O) 
J1 5  (TRIGGER  INPUT) 

J9,J10(CHA,CHB) 
CABLE,  TRIAX 

TRW  DB25S  (DB25  FEMALE) 
AMPHENOL  17-10500-1-390 
50-PIN  FEMALE 

TROMPETER  PL75-47  TRIAX  MALE 
TROMPETER  14949 

from  J10  (CH  B)  of  BUS-68005  #1toJ9  (CH  A)  of  BUS- 
68005  #2,  and  to  the  BUS  B  input  of  the  RTU  under  test. 
As  shown  in  figure  1,  a  cable  is  required  to  connect  be- 
tween the  two  Real  Time  Monitor/Trigger  I/O  connectors 
(J15)  of  the  two  instruments.  Note  that  TRIGGER  OUTPUT 
(J15-12)  from  each  BUS-68005  is  connected  to  TRIGGER 
INPUT  (J1 5-1 3)  on  the  alternate  instrument. 


®IBM  PC/AT/XT  are  registered  trademarks  of  International  Business  Machines  Corporation. 
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ILC  DATA  DEVICE 


BUS-69006  ADDENDUM  TO  BUS-69005 


8-BIT 
PARALLEL 

W 

cinV  I  \  ^ 


J4 
GPIB 


J10 
'  CH.B 
NOTE  1 


l  [  I  )  SHLD 


IBM  PC/XT/AT 

OR 

COMPATIBLE 


NATIONAL  INSTRUMENTS 
GPIB-PC2A 
INTERFACE  CARD 


TRIGGER  OUT 


TRIGGER  IN 


TRIGGER  OUT 


REAL  TIME 
MONITOR 
TRIGGER 


BUS-68005#1 

DATA  BUS  EXERCISER 


J15 
REAL  TIME 
MONITOR 
TRIGGER 


J4 
GPIB 


CH.A 


BUS-68005  #2 

DATA  BUS  EXERCISER 
NOTE  1 


'ED  SHLD 


1553  BUS  B 


1553  BUS  A 


NOTE  2 


Notes; 

1 .  Front  panel  direct  coupled  connectors  shown. 

2.  35  Ohms  lor  direct  coupled  RTU  under  test. 
70  Ohms  lor  stub  coupled  RTU  under  test. 


NOTE  2 


PRI(BUSA) 


SEC  (BUS  B) 


REMOTE  TERMINAL  UNIT 
UNDER  TEST 


RTU -SUBSYSTEM' INTERFACE 


OPTIONAL  AUTOMATIC 
CONTROL  CIRCUIT 


J 


___J  TEST 

~  FIXTURIZATON 


'  SUBSYSTEM  | 
I  UNDER  . 
TEST 


I  I 

I  L  I 


FIGURE  2.  BUS-69006  OPERATING  ENVIRONMENT  ELECTRICAL  SET-UP 


ORDERING  INFORMATION 
BUS-69006  MIL-STD-1553  PROTOCOL  SOFTWARE 

To  obtain  data  sheets  on  the  following  products,  consult  factory. 
BUS-68005  MIL-STD-1553  DATA  BUS  EXERCISER 
BUS-69005  MIL-STD-1553  PROTOCOL  SOFTWARE 


A 
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BUS-8553 


DESCRIPTION 

The  BUS-8553  Transceiver  is  a  com- 
plete transmitter  and  receiver  conform- 
ing fully  to  MIL-STD-1 553A  and  1553B. 
Features  of  this  high  reliability  trans- 
ceiver include:  Harris  15530  type  En- 
coder/Decoder direct  interface  capabil- 
ity, ±15V  or  +15V  and  -12V  power 
supply  voltage  requirements,  and  an  in- 
ternal (factory  pre-set)  threshold  level. 

Figure  1  illustrates  a  block  diagram  of 
the  BUS-8553  Transceiver.  The  re- 
ceiver section  accepts  phase-mod- 
ulated bipolar  data  from  a  MIL-STD- 
1 553  Data  Bus  and  produces  TTL  signal 
data  at  its  outputs:  RX  Data  Out  and  RX 
Data  Out.  These  outputs  represent 
positive  and  negative  excursions  of  the 
input  Bus  signals  beyond  a  preset 
threshold  level.  The  receiver  can  be 
taken  off-line  (outputs  disabled)  by  the 


application  of  a  logic  "0"  to  the  STROBE 
input. 

The  transmitter  section  accepts  bipolar 
TTL  signal  data  at  its  TX  Data  and  TX 
Data  input  lines  and  produces  a  28Vpp 
differential  signal  across  a  1 40  Ohm  load 
that's  coupled  to  the  TX  Data  and  TX 
Data  outputs  via  transformer.  An  exter- 
nal input,  INHIBIT,  takes  priority  over  the 
transmitter  inputs  and  disables  the  trans- 
mitter when  activated  with  a  logic  "1". 

The  BUS-8553  Transceiver  is  packaged 
in  a  24  pin  DDIP,  measuring  1 .4  x  0.8 
x  0.2  inches.  Its  small  size,  low  power 
dissipation,  and  direct  interface  com- 
patibility with  Harris  15530  type  En- 
coder/Decoder make  it  an  excellent 
choice  for  any  MIL-STD-1 553A  or 
1553B  Transceiver  application. 


MIL-STD-1553  TRANSCEIVER 


FEATURES 

MEETS  ALL  MIL-STD-1553A  AND 
1553B  REQUIREMENTS 

VERY  LOW  POWER  DISSIPATION 


•  IMPROVED  FILTERING  ON 

RECEIVER  TO  ENHANCE  BIT 
ERROR  RATE  OF  SYSTEM 


•  ±  15V  OR  +  15V AND -12V 
POWER  SUPPLY  VOLTAGES 


•  SCREENED  TO  MIL-STD-883 


HARRIS  15530  ENCODER/ 
DECODER  DIRECT  INTERFACE 
COMPATIBILITY 


-12V 
OR 

15V    -15V  +5V 

AAA 


f     f     f  1 


RECEIVER  STROBE . 


PHASE  MODULATED 
BIPOLAR  DATA 


SHORT  OR 
LONG  STUB 
COUPLING 


ISOLATION 
TRANSFORMER 


RX  Data  In 


TX  Data  Out 


RECEIVER  SECTION 


COMPARATOR 


FILTER 


LIBIDO* 


COMPARATOR 


TRANSMITTER  SECTION 
DRIVER 


BIPHASE 
TTL  DATA 


iRXDala  ) 

\ — >J 


DECODER 


FIGURE  1.  BUS-8553  BLOCK  DIAGRAM 
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PARAMETER 

VALUE 

RECEIVER 

Input  Level 
Internal  Threshold01 
CMRR 

Input  Resistance,  differential 
Input  Capacitance,  differential 

40Vpp,  differential,  max 
0.56Vpp  min,  1  Vpp  max 
40  db,  min 
7K  Ohm,  min 
5pf,  max 

DRIVER 

Output  Level 

Rise/Fall  Time 
Output  Noise 
Output  Offset 

Output  Impedance 
(Non-Transmitting) 
Output  Resistance,  differential 
Output  Capacitance,  differential 

28Vpp,  nominal,  across 

140  Ohm  load 
130ns,  typical 
1 0mVpp,  differential,  max 
±  90m  Vpp,  max  differential 

across  35!!  load 

1 0K  Ohm,  min 
5pf,  max 

LOGIC:  TTL  CMOS  Compatible 

Receiver  Strobe  Input 
All  Logic  Outputs  (Receiver) 
Transmitter  Inhibit  Input 
Transmitter  TX  Data 
and  TX  Data  Inputs 

2  LSTTL  loads,  max 
1 0  LSTTL  loads,  min 

1  TTL  load,  max 

2  TTL  loads,  max 

POWER  SUPPLY  REQMTS 

Non-Transmitting  (typ/max) 
Transmitting,  50%  duty  cycle 

(typ/max) 
Transmitting,  100%  duty  cycle 

(typ/max) 

+  5V±10% 

+15V±5% 

-15V±5% 

40/50mA 
40/50mA 
40/50mA 

30/40mA 
11 0/1 30mA 
200/220mA 

25/30mA 
25/30mA 
25/30mA 

THERMAL 

Operating  Junction  Temp.'2' 
Operating  Case  Temperature'21 
Storage  Temperature 
Thermal  Resistance 

Junction  to  Case  (Hottest  Die) 

Case  to  Air 

-55°Cto160°C 
-55°Cto125°C 
-65°Cto150°C 

110°C/W 
30°C/W 

POWER  DISSIPATION 

Non-Transmitting  (typ/max) 
Transmitting,  50%  duty  cycle 

(typ/max) 
Transmitting,  100%  duty  cycle 

(typ/max) 

Total  Hybrid 

1.0/1.3W 

1.7/2.0W 
2.3/2.8W 

POWER  DISSIPATION 

Transmitting,  50%  duty  cycle 

(typ/max) 
Transmitting,  100%  duty  cycle 

(typ/max) 

Hottest  Die 

0.1 4/0.1 6W 
0.28/0.31  W 

MECHANICAL 

Size,  24  Pin  DDIP,  inches  (mm) 

Weight 

1.4x0.8x0.2 

(35.6x20.3x5.1) 

0.4oztyp 

Notes: 

(1 )  The  Threshold  Level,  as  referred  to  in  this  specification,  is  meant  to  be  the 
maximum  peak  to  peak  voltage  (measured  on  the  Data  Bus)  that  can  be  applied 
to  the  receiver  without  causing  the  output  to  change  from  the  OFF  state. 

(2)  For  any  transmitting  duty  cycle  (derating  not  required). 


GENERAL 

Figure  1  illustrates  a  BUS-8553  Transceiver  with  connections 
to  a  MIL-STD-1 553  data  bus.  Once  transformer  isolated,  coupling 


or  long  siud  uxansiormer.;  rigure  c  musuaies  uiicu  anu  uaiis- 
former  coupling  between  the  transceiver  and  the  data  bus. 

TRANSMIT  OPERATING  MODE 

The  transmitter  section  accepts  encoded  TTL  data  and  converts 
this  data  to  phase-modulated  bipolar  form  by  means  of  a  wave- 
shaping  network  and  driver  circuitry.  These  driver  outputs  are 
coupled  to  a  MIL-STD-1 553  Data  Bus  by  means  of  a  transformer. 
These  output  terminals  can  be  put  into  a  high  impedance  state 
when  transmitting  by  enabling  the  INHIBIT,  or  by  placing  both 
inputs  at  the  same  logic  level.  Table  2  is  the  truth  table  for  the 
transmitter  operating  mode. 

The  transceiver's  transmitter  is  able  to  operate  in  a  "wraparound" 
mode;  this  allows  output  data  to  be  monitored  by  the  receiver 
section  and  returned  to  the  decoder  where  it  can  be  checked 
for  errors. 


TABLE  2.  TRANSMITTER  OPERATING  MODE 

TX  Data  In 

TX  Data  In 

TX  INHIBIT 

DRIVER  OUTPUT01 

X'2' 

X 

H 

OFF 

0 

0 

X 

OFF 

0 

1 

L 

ON<3> 

1 

0 

L 

ON 

1 

1 

X 

OFF(4,(5) 

Notes:   

(1)  Driver  Out  =  TX  Data  Out  and  TXData  Out. 

(2)  X  =  don't  care. 

(3)  ON  =  low  impedance. 

(4)  OFF  =  high  impedance. 

(5)  The  driver  output  terminals  are  in  the  high  impedance  mode  during  OFF  time, 
independent  of  INHIBIT  status. 

RECEIVER  OPERATING  MODE 

The  receiver  section  accepts  data  from  a  MIL-STD-1 553  Data 
Bus  when  properly  coupled  through  a  transformer  in  any  of  the 
two  possible  configurations  (long  or  short  stub),  and  converts  it 
to  bi-phase  TTL  and  makes  it  available  for  decoding  at  the  RX 
Data  and  RX  Data  output  terminals.  Applying  a  logic  "0"  to  the 
STROBE  input  disables  the  receiver  outputs,  causing  them  both 
to  go  to  a  logic  "0"  state.  When  not  being  used,  a  2K  pull-up 
resistor  should  be  connected  between  the  STROBE  input  termi- 
nal (pin  8)  and  the  +5V  supply  (pin  20). 

BUS-8553  WAVEFORMS 

Figure  3  illustrates  the  waveforms  for  the  BUS-8553  Transceiver. 
CAUTION 

(1 )  Complementary  inputs  on  the  TX  Data  and  TX  Data 
for  more  than  10  seconds  may  cause  permanent  dam- 
age to  the  BUS-8553  at  high  temperatures  due  to  high 
power  dissipation  in  the  driver  output  transistors. 

(2)  When  transmitting,  TX  Data  and  TX  Data  inputs 
must  be  complementary  waveforms  of  50%  duty  cycle 
average,  with  no  gate  delays  or  skewing  between  them. 
It  is  recommended  that  the  inputs  be  driven  with  a 
properly  gated  "D-type"  flip-flop. 
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G3QQ 

ILC  DATA  DEVICE 
CORPORATION  _ 


BUS-8553 


Z„(70n,  NOM) 
DATA 
BUS 


BUS-8553 


Notes: 

(1)  Only  one  connection  can  be  made  tram  the  Transceiver  to  the  MIL-STD-1553  Data  Bus,  either  short  or  long  stub,  but  not  both 

(2)  Value  ot  isolation  resistors  are  52.511  (0.75Z„). 

(3)  Bus  must  be  terminated  with  its  characteristic  impedance  at  both  ends 


FIGURE  2.  TRANSCEIVER  TO  DATA  BUS  COUPLING  CONNECTIONS 


TX  Data  In  XXX 


ENCODER  OUTPUT < 


nnn i  xxxx 


TX  Data  In  XXX 


innnixxxx 


LINE-TO-LINE  OUTPUT 


LINE-TO-LINE  INPUT 


RX  Data  Out 


RX  Data  Out 


/~t/lA/W- 


n_n_rLnjL 


(1)  TX  Data  In  and  RX  Data  Out  are  TTL  signals. 

(2)  TX  Data  In  lines  must  be  at  opposite  logic  levels  during  transmission,  aQd_at  the  same  logic  level  when  not 

(3)  LINE-TO-LINE  output  voltage  is  measured  between  TX  Data  and  TX  Dati  Out. 

(4)  LINE-TO-LINE  input  voltage  is  measured  on  the  Data  Bus. 

(5)  RX  Data  outputs  are  OFF  when  in  the  LOW  state. 

(6)  The  BUS-8553  can  be  interfaced  to  Smiths  type  Encoder/Decoder  by  switching  the  RX  Data  and  RX  Data  output 
and  inverting  their  signal  with  external  inverting  gates. 


FIGURE  3.  BUS-8553  WAVEFORMS 
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BUS-8553 


TABLE  3.  BUS-855C 

PIN  CONNECTIONS 

24  PI 

\l  DDIP 

PIN 

FUNCTION 

1 

TX  Data  Out 

2 

TXDataOut 

3 

GND 

4 

NC 

5 

NC 

6 

NC 

7 

RX  Data  Out 

8 

Strobe 

9 

GND 

10 

RX  Data  Out 

11 

NC 

12 

NC 

13 

+15VDC 

14 

NC 

15 

RX  Data  In 

16 

RX  Data  In 

17 

NC 

18 

GND 

19 

-12Vor-15VDC 

20 

+  5VDC 

21 

TX  Inhibit 

22 

TX  Data  In 

23 

TX  Data  In 

24 

NC 

0.170  MIN 
PIN  LENGTH 

(4.318) 


0.200  MAX 
(5.08) 


SIDE  VIEW 


I  0  019 /0  483\ 
^—0.016  ^0.406  ) 

(24  PLACES) 


1.400  MAX 
"  (35.56)  ~ 


0.805  MAX 
(20.447) 


OOOOOOOOOOOO 
13  24 


BOTTOM  VIEW 


ooooooooooo 


1.10 

i — H  r —  12  PINS  EQ 

w0.100±0.0 
NON-CI 


H 


0.150  *  0.005 
(3.81*0.127) 


0.01 5  MAX 
(3.81) 

_L_ 


SEATING 
PLANE 


0.125/3.175X 
0.080  ^2.032^ 
RAD  (3  PLACES) 


0.600  ±0.002 
(15.24±0.127) 


0.103*0.005 
(2.61 62  ±0.1 27) 


100±0.005 
!  EQUALLY  SPACED 
)002,  TOLERANCE 
NON-CUMULATIVE 

90' PIN  1 
(IDENTIFICATION 
CORNER) 
Notes: 

(1)  Dimensions  are  in  inches  (millimeters). 

(2)  Lead  identification  numbers  are  for  reference  only. 

(3)  Lead  cluster  shall  be  centered  within  ±0.10  of  outline  dimensions.  Lead  spacing 
dimensions  apply  only  at  seating  plane. 

(4)  Pin  material  meets  solderability  requirements  of  MIL-STD-202E,  Method  208C 

FIGURE  4.  MECHANICAL  OUTLINE  24  PIN  DDIP 


ORDERING  INFORMATION 

BUS-8553-883B 

X 


Reliability  Grade: 

883B  =    Fully  compliant  with  MIL-STD-883 

B  =    Screened  to  MIL-STD-883  but 
without  QCI  testing. 

Blank  =    Standard  DDC  procedures. 


Mating  Transformer  BUS-25679 


G 
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BUS-8559 


VARIABLE  OUTPUT 
^  MIL-STD-1553  TRANSCEIVER 

ere  ATI  mro 


DESCRIPTION  AND 
APPLICATIONS 

Designed  specifically  for  use  in  auto- 
matic test  equipment  when  a  variable 
transmitter  output  level  is  required, 
the  DDC  Model  BUS-8559  Trans- 
ceiver is  a  complete  transmitter  and 
receiver  conforming  to  MIL  standards 
1553A  and  1553B.  The  receiver  sec- 
tion accepts  phase-modulated  bipolar 
data  at  the  input  and  produces  a  bi- 
phase TTL  signal  at  the  output  (Fig- 
ure  1).  The  outputs,  DATA  and 
DATA,  represent  positive  and  negative 
excursions  of  the  input  beyond  an 
internally  fixed  threshold.  These 
positive  and  negative  thresholds  are 
internally  set  at  the  factory  for  a 
nominal  IV  p-p  signal,  measured  at 
point  "A",  Figure  2.  An  external 
strobe  input  is  provided  to  allow  the 
removal  of  the  receiver  from  the  line. 
A  logic  "0"  applied  to  "STROBE" 
will  disable  the  receiver  output. 

The  BUS-8559  transmitter  section 
accepts  bi-phase  TTL  data  at  the  input 
and  produces  a  0  to  27  volt  nominal 


p-p  differential  signal  across  the  145fi 
load,  when  measured  at  point  "B", 
Figure  2.  When  coupled  to  the  data 
bus  with  the  specified  transformer*, 
isolated  (on  the  data  side)  with  two 
55.0U  fault  isolation  resistors,  and 
loaded  by  two  70Q  terminations  (plus 
additional  receivers),  the  data  bus  sig- 
nal produced  is  0  to  7.5  volts  nominal 
p-p  measured  at  point  "A"  (Figure  2). 

When  both  DATA  and  DATA  inputs 
are  held  low  or  high,  the  transmitter 
presents  a  high  impedance  to  the  line. 
An  external  inhibit  input  is  provided 
to  allow  the  removal  of  the  transmitter 
output  from  the  line  (Figure  3).  A 
logic  "1"  applied  to  the  "INHIBIT" 
takes  priority  over  the  condition  of 
the  data  inputs  and  disables  the  trans- 
mitter. 

The  transceiver  is  available  in  a  24  pin 
hybrid  package  measuring  1.4  x  0.8  x 
0.2  inch,  and  can  be  used  in  any  MIL- 
STD-1553  application  which  requires 
the  use  of  a  transceiver. 

'Transformer  P/N  BUS-25679.  See 
Mechanicals. 


•  VARIABLE  TRANSMITTER 

OUTPUT 

•  TRANSMITTER/RECEIVER  IN 

A  SINGLE  24  PIN  DDIP 
HYBRID 

•  VERY  LOW  POWER 

DISSIPA  TION 

•  MEETS  Ml L-STD-1S53A  AND 

1553B 

•  IMPROVED  FILTERING  ON 

RECEIVER  TO  ENHANCE 
BIT  ERROR  RATE  OF 
SYSTEM 

•  ±15V OR +15  AND -12V 

OPERATION 


VAR  VK 
+  5    (On  +15V] 


Mill 


BUS  8559 


SHAPING 
lETWDBK 

— n 

SB»PI«G 
■  ETWORK 

-< 

FIGURE  1.  BLOCK  DIAGRAM 
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(SEE  NOTE  2)  Z0 
SHIELD 


I  11-14) 

L.  ,  _  EI    _,,   |  ALL  CONNECTIONS 


Z0  (SEE  NOTE  2) 
SHIELD 


SHOWN  APPLY  TO 
BUS-25679 


NOTES: 

(1)  POINT  A 
TRANSMIT  MODE  0  TO  6.5V  NOMINAL  p-p 

(2)  Z0  =  77.5n  NOMINAL 

(3)  ALL  FAULT  ISOLATION  RESISTORS 
ARE  SUPPLIED  BY  USER 


TRANSFORMER  COUPLED  STUB 


FIGURE  2.  TYPICAL  TRANSFORMER  CONNECTIONS 


CAUTION:  Complementary  inputs  on  TX  and  TX  for  more  than  10  seconds  may  cause  permanent  damage  at 
high  temperatures  due  to  high  power  dissipation  by  output  drivers. 


TX  DATA  IN 


XXX 


TX  DATA  IN 


XXX 


,xxx 


nnnnxxxx)  *• 


innntxxxxT 


xxxx 


Don't  Care  Condition 
(Both  High  Or  Both  Low) 


LINE-TO-LINE 
OUTPUT 


RX  DATA 
OUT 


RX  DATA 
OUT 


H_TLnJl 


B.  RECEIVER  LOGIC  WAVEFORMS 


NOTE  1)  RX  DATA  and  RX  DATA  linn  ar*  low  whan  BUS  8553  is  not  receiving. 

2)  When  BUS-8559  it  ussd  with  Harris  HD-15530,  CMOS  Manchester  Encoder-Decoder  no  external  logic  ii  required. 

FIGURE  3.  LOGIC  WAVEFORMS 
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SPECIFICATIONS-TRANSFORMER  AND  BUS-8559  HYBRID 


PARAMETER 


RECEIVER 

Input  Level 
Input  Impedance 
Threshold  Level 

Output  Level 
Outputs: 

vol 
voh 

'0L 

'oh 


TRANSMITTER 

Input  Level 
Inputs: 
Vih 
Vil 
'ih 
'« 

Output  Level 


Rise/Fall  Time 
Output  Noise 
Variable  Vcc 


GENERAL 

Power  Supply  Requirements 


Operating  Temperature  Range 
Storage  Temperature  Range 
Size  (24pin  DDIP  hybrid) 
Weight 

NOTES: 


VALUE 


40V  p-p  differential  max 

4  Kn  differential  min 

1V  p-p  nominal,  internally  set  (direct 

coupled  mode) 

TTL.  10  LS  Loads 

0.6V  max 
2.5V  min 
4mA  max 
-400  mA  max 


TTL,  2  LS 

2V  min 
0.8V  max 
80  h  A  max 
—3.2mA  max 

0  to  27V  p-p  nominal  across  I45n  load 

0  to  20V  p-p  nominal  (measured  at  point 

C,  Figure  2) 

1 30  nsec  typical 

lOmV  p-p  differential  max 

Oto  +16V  DC 


P.S. 


+5 

+15 

-15 


STDBY 


mA 


25  max 
30  max 
30  max 


mA 


22  max 
30  max 
30  max 


70 


100% 


mA 


21  max 
30  max 
30  max 


180 


-55°C  to  +125°C  (case  temp.) 
-55°  C  to+135°C 

1 .4  x  0.8  x  0.2  inch  (36  x  20  x  5mm) 
0.4  oz  typ  (11g) 

(1)  Will  operate  with  ±  12V  P.S. 


BUS-8559  PIN  CONNECTION  TABLE 


PIN 

FUNCTION 

1 

TX  Data  Out 

2 

TX  Data  Out 

3 

GND 

4 

N.C. 

5 

N.C. 

6 

Variable  Vcc 

7 

RX  Data  Out 

8 

Strobe 

9 

GND 

10 

RX  Data  Out 

11 

N.C. 

12 

N.C. 

13 

+  15V  DC 

14 

N.C. 

15 

RX  Data  In 

16 

RX  Data  In 

17 

N.C. 

18 

GND 

19 

—  15V  DC 

20 

+5VDC 

21 

TX  Inhibit 

22 

TX  Data  In 

23 

TX  Data  In 

24 

N.C. 

MECHANICAL  OUTLINE 
24  Pin  Double  DIP 


z  r 


— «#— * 

1  1  i?j  #■  arrc. 


oooooooooooo- 


oooooooooooo- 


ISO  — »H 

""*  I 


RADI3PLACESI 


90T-IN  I 
IDENTIFICATION 
COHNSRt 


NOTES 

1  Dimensions  shown  am  m  inches 

2  Lead  identification  numbers  are  loi  reference  only 

3.  Lead  cluster  shall  be  centered  wmmto  10  of  outline  dimensions  Lead 

d    Pm  material  meets  soiderab.inv  requirements  of  MIL  STD  202E.  Method  208C 


MECHANICAL  OUTLINE 
TRANSFORMER  (P/N  BUS-25679) 

TERMINAL 
IDENTIFICATION 
THIS  SIDE 


.275  MAX 
(7.0) 


c 


jC 


I  .250  MIN  |I  IT 
T     '6-31          U  U 


SIDE  VIEW 


.200  ±.005 
(5.1  ±0.1) 


.63 

MAX 

Hi 

 .500  ±  005 

(13  ±0.1) 

•  1  80 
75 

O  2  6  O 
5  O 

03  4  O 

• 

.63  MAX 
(16.0) 
* 

BOTTOM  VIEW 

NOTES: 

1.  All  dimensions  are  in  inches(millimeters) 

2.  Pin  callouts  on  bottom  view  are  for  reference  only 


ORDERING  INFORMATION 
BUS  -  8559  -  B 


  Reliability  Grade: 

B  =  ScreenedtoMIL-STD-883 
but  without  QCI  testing. 
Blank  =  Standard  DDC  procedures. 


TRANSFORMER:  BUS-25679 

NOTE:  The  transceiver  and  transformer  must  be  ordered  as 
separate  parts. 
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MCE  SMITHS  COMPONENTS 


DDC  is  a  distributor  of  these  components. Contact  the  factory  for  further  information. 


ENCODERS/DECODERS 

Part  Number 

Description 

MT32012 
MT32016 
MT32018 
MT32019 
MT32022 

MT32026 

MT32028 

MT32029 

Encoder/Decoder.  48  pin,  quad  redundant  RT. 

Encoder/Decoder.  48  pin,  quad  redundant  BC  interface. 

Encoder/Decoder.  48  pin,  quad  redundant  BC  or  RT  interface. 

Encoder/ Decoder.  56  pin,  CCor64  pin  DIL,  quad  redundant  BCor  RTinterface. 

Encoder/Decoder.  48  pin,  quad  redundant  RT.  Device  will  receive  its  own  transmissions.  Not  to  be  used 

with  Protocol. 

Encoder/Decoder.  48  pin,  quad  redundant  BC  interface.  Device  will  receive  its  own  transmissions.  Not 
to  be  used  with  Protocol. 

Encoder/Decoder.  48  pin,  quad  redundant  RTor  BC  interface.  Device  will  receive  its  own  transmissions. 
Not  to  be  used  with  Protocol. 

Encoder/Decoder.  56  pin  CC  or  64  pin  DIL,  ,quad  redundant  RTor  BC  interface.  Device  will  receive  its 
own  transmissions.  Not  to  be  used  with  Protocol. 

RTU  PROTOCOL  SEQUENCES 

Part  Number 

Description 

MT32013 
MT32014 
MT32024 
MT32034 
MT32044 
MT32054 

MT32017 

MT32047 
MT32057 

Protocol  Sequencer.  Optional  FIFO.  40  pin,  16  bit  x  32  word. 

Protocol  Sequencer.  56  pin  CC  or  64  pin  DIL,  quad  redundant. 

Protocol  Sequencer.  48  pin  dual  redundant.  No  FIFO  option. 

Protocol  Sequencer.  48  pin,  quad  redundant.  No  Modecodes. 

Protocol  Sequencer.  56  pin  CC  or  64  pin  DIL,  quad  redundant.  No  modecodes. 

Protocol  Sequencer.  56  pin  CC  or  64  pin  DIL,  with  "No  modecodes"  option.  Wrap  around  function 

not  available. 

MT32014and  MT32013inone48pin  DIL  package.  Message  Error,  Terminal  Flag,  and  Modecode  Detect 
signals  not  available. 

MT32044  and  MT32013  in  one  48  pin  DIL  package.  Message  Error  andTerminal  Flag  inputs  not  available. 
MT32054  and  MT32013  in  one  48  pin  DIL  package.  Message  Error,  Terminal  Flag,  and  Modecode  Detect 
signals  not  available. 

RTU  COMBINATIONS 

Part  Number 

Description 

MT32011 
MT32041 

MT32051 

MT32111 
MT32141 
MT32151 

MT32211 
MT32241 

MT32251 

MT32311 
MT32341 
MT32351 

Dual  redundant  RT.  (MT32018,  MT32018,  MT32013,  and  MT32014  in  a  standard  64  pin  DIL  package). 
Dual  redundant  RT.  No  Modecodes.  (MT32018,  MT32018,  MT32013,  and  MT32044  in  a  standard  64  pin 
DIL  package). 

Dual  redundant  RT.  No  Modecodes.  (MT32018,  MT32018,  MT32013,  and  MT32054  in  a  standard  64  pin 
DIL  package). 

Single  bus  RT.  (MT32018,  MT32013,  and  MT32014  in  a  standard  64  pin  DIL  package). 
Single  bus  RT.  No  Modecodes.  (MT32018,  MT32013,  and  MT32044  in  a  standard  64  pin  DIL  package). 
Single  bus  RTwith  "No  Modecodes"  option.  (MT32018,  MT32013,  and  MT32054  in  a  standard  64  pin 
DIL  package). 

Dual  redundant  RT.  No  FIFO.  (MT32018,  MT32018,  and  MT32014  in  a  standard  64  pin  DIL  package). 
Dual  redundant  RT.  No  Modecodes.  No  FIFO.  (MT32018,  MT32018,  and  MT32044  in  a  standard  64  pin 
DILpackage). 

Dual  redundant  RTwith  "No  Modecodes"  option.  No  FIFO.  (MT32018,  MT32018,  and  MT32054  in  a 
standard  64 pin  DILpackage). 

Single  bus  RT.  No  FIFO.  (MT32018  and  MT32014  in  a  standard  64  pin  package). 

Single  bus  RT.  No  Modecodes.  No  FIFO.  (MT32018  and  MT32044  in  a  standard  64  pin  DIL  package). 

Single  bus  RTwith  "No  Modecodes"  option.  No  FIFO.  (MT32018  and  MT32054  in  a  standard  64  pin 

DILpackage). 

BCU  PROTOCOL  SEQUENCERS 

Part  Number 

Description 

MT32015 
MT32010 

Protocol  Sequencer.  56  pin  CC  or  64  pin  DIL  package. 
MT32015  and  MT32013  in  a  48  pin  DIL  package. 

Note:  For  theory  of  operation  of  RTU  chip  set  see  BUS- 65132  data  sheet. 
B 
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PROCESSOR  INTERFACES 
TO  1553  BUSES 


When  a  design  engineer  addresses  the 
task  of  implementing  a  MIL-STD- 
1553B  interface  he  has  available  a 
number  of  "standard"  components 
from  which  to  select.  In  such  situa- 
tions, it  is  useful  to  have  a  "shopping 
list"  of  features  that  will  ultimately 
ease  the  process  of  interface  design.  It 
is  acknowledged  that  no  two  designers 
will  necessarily  have  the  same  require- 
ments due  to  particular  system 
constraints.  However,  there  are  some 
commonly  encountered  questions 
which  can  be  discussed  in  general 
terms. 

What  is  the  true  board  area 
required?  Additional  components 
necessary  to  fully  implement  an 
interface  such  as  transceivers,  inter- 
face logic,  RAM  etc,  will  take  up  quite 
large  areas  of  pcbs.  As  a  consequence 


the  board  layout  may  become  more 
complicated  and  more  expensive  to 
produce. 

Is  it  possible  to  have  a  standard 
interface?  In  commercial  terms,  one 
card,  which  is  able  to  provide  all  three 
1553  functions  of  Bus  Control, 
Remote  Terminal  and  Monitor,  is  a 
desirable  design  goal.  Commonality 
of  components  and  pcbs  assist  the 
purchasing  function  and  engineering 
and  software  development  time  can  be 
minimised. 

Is  control  of  the  device  straightfor- 
ward? This  can  affect  the  software 
overhead  for  the  device.  An  intelligent 
interface  requires  minimal  control. 
How  good  is  the  sub-system  interface? 
A  good  interface  can  ease  the  design 
task  to  a  very  large  extent.  It  should  be 
compatible  with  a  wide  selection  of 
microprocessors,  minimise  cpu  inter- 
vention and  offer  maximum  flexibility 
of  use.  Ideally,  the  sub-system  inter- 
face should  represent  the  1553 
terminal  to  the  cpu  in  terms  of  other 
peripheral  devices  via  an  address  bus, 
data  bus  and  standard  control  signals 
for  the  transfer  of  data. 


What  about  data  integrity?  Com- 
prehensive built-in  test  features  are 
necessary  to  ensure  integrity  of  the 
terminal.  Additionally,  a  means  of 
ensuring  that  partially  updated 
messages  are  not  transferred  to  the 
1553  bus  or  the  sub-system,  needs  to 
be  provided. 

A  number  of  different  suppliers 
may  be  needed,  therefore,  to  source 
the  additional  components  which  may 
be  needed  for  complete  implementa- 
tion of  the  interface.  Protocol  chips 
need  transceivers,  devices  with  trans- 
ceivers included  usually  require  the 
addition  of  extra  circuitry  in  order  to 
interface  with  the  sub-system. 

One  solution  currently  available, 
the  BUS-61553  Aircraft  Integrated 
Multiplex  Hybrid  (AIM-HY)  is 
presented  by  its  manufacturers  as 
offering  optimum  integration, 
minimum  size  and  a  complete  imple- 
mentation of  the  standard.  (Fig.  1). 

Invariably  a  design  will  be  con- 
strained by  size,  weight  and  power 
consumption  considerations.  The 
device  under  examination  here 
occupies  a  board  area  of  just  4ins:. 


Reprinted  with  permission  from  Electronic  Product  Design.  Vol.  9.  Issue  2.  February  1988  Copyright  1987  by  Maxim  Integrated  Products. 
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BBS 
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The  'front  end'  is  a  dual  low-power 
monolithic  based  transceiver.  The 
typical  standby  power  consumption 
of  0.54W  keeps  the  temperature  rise  to 
acceptable  levels  and  contributes  to 
high  MTBF.  The  protocol  is  con- 
tained in  one  silicon  on  sapphire 
custom  ic  and  implements  Bus 
Controller,  Remote  Terminal  and 
monitor  functions.  All  13  dual  redun- 
dant mode  codes  are  catered  for  as  is 
Broadcast. 

The  Remote  Terminal  Status  Word 
is  automatically  generated  allowing 
for  sub-system  inputs  (Busy,  Service 
Request  etc).  Status  will  automatically 
be  suppressed  should  an  invalid 
message  be  received  and  the  Message 
Error  bit  will  be  set. 

In  Bus  Controller  mode,  timing  and 
full  error  checking  is  performed  on  all 
received  transmissions  providing  com- 
prehensive information  to  the  sub- 
system host.  All  transmissions  from 
the  device  are  "wrapped  around" 
through  the  front  end  and  compared 
for  data  integrity.  Monitor  mode 


Fig  3 


allows  all  bus  traffic  to  be  received  for 
systems  analysis.  Each  received  word 
in  this  mode  has  a  tag  word  added 
indicating  word  validity,  word  type 
etc,  to  aid  the  analysis. 

The  sub-system  interface  circuitry  is 
designed  to  minimise  the  host 
processor  overhead  associated  with 
the  "housekeeping"  routines  necess- 
ary to  accomplish  the  transfers  of 
information  between  the  bus  interface 
unit  (BIU)  and  memory.  As  the  sub- 
system interface  is  central  to  the 
discussion  of  the  application  of  the 
AIM  BIU,  we  need  not  dwell  upon  it 
just  yet.  The  device  is  completed  by  8k 
x  16  random  access  memory.  This 
amount  of  RAM  is  normally  more 
than  sufficient  for  most  applications. 
However,  the  amount  of  RAM  can  be 
extended  external  to  the  device  if 
necessary  to  a  maximum  of  64k;  the 
amount  of  memory  that  can  be 
addressed  by  the  interface  circuitry. 

The  BIU  is  packaged  hermetically 
in  a  metal  dual-in-line  pack  for 
operation  over  the  full  temperature 
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range  -  55C  to  +  125C.  It  is  available 
fully  compliant  to  MIL-STD-883 
REV  C,  class  B.  In  order  to  appreciate 
the  application  possibilities  of  the 
AIM-BIU.  it  is  helpful  to  understand 
how  the  sub-system  interface  (SSI) 
works.  Let  us  first  investigate  RT 
configuration.  As  an  RT  the  BIU  is 
usually  required  to  cope  with  transfers 
of  data  to  and  from  a  number  of  sub- 
addresses.  The  SSI  of  the  device 
contains  a  look-up  table  which, 
during  initialisation,  would  be  loaded 
with  the  starting  address  of  blocks  of 
memory  in  RAM  (data  blocks).  There 
should  be  a  data  block  for  each 
combination  of  Transmit/ Receive  for 
each  sub-address  utilised  in  the  RT 
(see  Fig.  2).  In  fact  there  are  two  look- 
up tables  A  and  B  as  the  SSI  has  an  in- 
built double  buffering  mechanism. 
This  function  offers  the  designer 
current  and  non-current  areas  of 
RAM  for  every  data  block ,  precluding 
overwriting  stored  data. 

When  a  Command  Word  is 
received,  it  is  stored  in  the  fourth 
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Fig.  3  Use  o  f  lhe  descriptor  slack— BC  mode 
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Fig  4 


To 
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location  of  the  next  entry 
in  a  Description  Stack.  In 
addition  to  the  Com- 
mand Word,  the  Descrip- 
tor contains  information 
relating  to  the  status  of 
the  transferred  message 
associated  with  the  data 
block.  This  is  particular- 
ly useful  when  the  host 
processor  needs  to  access 
RAM.  We  will  look  at 
this  in  more  detail  later. 
The  SSI  looks  up  the 
correct  data  block 
address  and  completes 
the  transfer  of  data  by 
writing  to  or  reading 
from  the  data  block.  The 
Stack  Pointer  increments,  following  a 
transfer,  to  the  next  descriptor  stack 
entry. 

In  Bus  Controller  configuration  the 
look-up  table  is  not  required  (Fig.  3). 
The  fourth  location  of  the  descriptor 
stack  entry  is  loaded  with  the  message 
block  address.  The  descriptor  stack 
has  the  facility  for  64  x  4  word 
entries.  The  double  buffering 
mechanism  as  described  above,  is  still 
available  in  BC  mode.  As  both 
descriptors  stacks  A  and  B  have  the  64 
message  capacity,  a  total  of  128 
messages  can  be  handled  at  one  time. 
Again,  as  in  RT  mode,  the  designer 
can  choose  to  have  current  and  non- 
current  areas  of  RAM  in  use  by 
switching  between  Descriptor  Stacks 
and  thus  data  blocks.  The  Stack 
Pointer  is  written  to  by  the  host 
processor  to  indicate  the  next  Descrip- 
tor Slack  entry  to  be  used  by  the  SSI. 

For  Monitor  Mode,  only  the  Stack 
Pointer  is  required.  This  is  used  to 
indicate  ihe  starting  address  in  RAM 
where  all  monitored  data  will  be 
stored  from.  In  all  the  above  modes, 
the  Stack  Pointer,  Descriptor  Stacks 
and  look-up  tables  occupy  areas  of 
RAM.  The  same  is  true  for  a  message 
counter  in  BC  mode.  Of  these,  only 
the  Stack  Pointer,  look-up  tables  or 
message  counter  have  to  occupy  fixed 
addresses.  All  data  blocks  and  the 
Descriptor  Stacks  can  be  in  user 
defined  areas. 

Control  of  the  BIU  is  exercised  by 
three  registers:  the  configuration 
register,  the  interrupt  mask  register 
and  the  start/reset  register.  The 
configuration  register  is  used  to  set  the 
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Fig.  4  A1M-BIU  to  central  processing  unit  basic  block  diagram 


operation  mode,  set  sub-system  flags 
(busy  etc),  select  the  current  area  of 
memory  in  use  (A  or  B)  and  enable  a 
Stop  on  Error  facility.  The  interrupt 
mask  register  allows  the  user  to  select 
interrupts  as  required.  EOM  will 
cause  an  interrupt  at  the  end  of  every 
message  transfer.  BC  EOM  will  cause 
an  interrupt  at  the  end  of  a  frame  of 
messages.  Format  Error/Status  Set 
will  cause  an  interrupt  for  the  follow- 
ing conditions:  Loop  test  failure  (of 
the  BIU);  Message  error  (in  the 
received  message);  Time  Out  (of  the 
received  message);  Status  Set  (any  bits 
set  in  the  received  status  word  or 
incorrect  address).  In  addition,  up  to 
four  user  definable  external  registers 
can  be  handled  by  the  interface. 


Priority  handling  in  RAM 

The  BIU  handles  contention  of  the 
shared  RAM  in  the  following  manner. 
If  the  host  processor  attempts  to 
access  RAM  whilst  an  internal  1553 
memory  cycle  is  taking  place,  the  SSI 
will  delay  the  host  by  inserting  "wait 
states".  However,  it  is  important  to 
note  that  the  SSI  transfers  data 
between  the  1553  terminal  and  RAM 
on  a  word  basis.  This  means  the  host 
is  not  locked  out  of  RAM  for  the 
duration  of  the  1553  message  transfer. 
In  effect,  as  word  transfers  take  less 
than  one  /isec,  the  cpu  can  have  access 
for  the  remaining  19/isecs.  As  this  is 
the  case,  the  designer  needs  a  means  of 
ensuring  that  partially  transferred  or 
updated  data  blocks  are  not  accessed. 
The    Block    Status    Word    in  the 


descriptor  includes  two  flags;  SOM 
(start  of  message)  and  EOM  (end  of 
message).  SOM  is  set  at  the  initialisa- 
tion of  a  transfer  to  or  from  RAM.  It 
stays  set  until  the  whole  transfer  has 
taken  place,  at  which  point  it  is  cleared 
and  EOM  is  set.  In  this  manner,  and 
when  the  other  flags  referring  to  the 
status  of  the  transfer  are  read,  the  user 
can  establish  the  integrity  of  the  data 
in  memory.  Of  course,  if  current  and 
non-current  areas  are  utilised,  data 
integrity  is  not  a  problem.  However, 
contention  is  resolved  in  the  same 
manner. 

Software  interfacing  is  very  straight 
forward.  In  Bus  Controller  mode: 
initialise  Configuration  Register, 
initialise  Stack  Pointer,  initialise 
Message  Counter.  Load  the  starting 
addresses  of  Data  Blocks  in  every 
fourth  location  of  the  Descriptor 
Stack.  Load  the  BC  Control  Word, 
Command  Word  and  any  Data  in  the 
Data  Blocks. 

Finally,  issuing  START  will  cause 
the  whole  frame  of  messages  to  be 
transferred  with  no  further  cpu 
intervention  unless  interrupt  levels 
have  been  set  other  than  BC  EOM. 

In  Remote  Terminal  mode:  Load 
the  look-up  table  with  starting 
addresses  of  Data  Blocks  to  be  used, 
associated  with  the  combination  of 
Transmit/Receive  for  the  sub- 
addresses  to  be  utilised.  Load  any 
Data  to  be  transmitted.  Issue  START. 

Monitor  Mode  only  requires  the 
Stack  Pointer  loaded  with  the  required 
starting  address  in  RAM  where  in- 
formation will  be  stored  and  the 
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START  issued.  Hardware  interfacing 
allows  for  many  popular  cpus  to  be 
connected  to  the  BIU.  Fig.  4  shows  a 
basic  block  diagram  for  a  hardware 
interface.  TheControl  Signals  are  stan- 
dard interface  signals  for  handling  the 
flow  of  data  between  thecpu  and  AIM- 
BIU.  These  are  defined  below  specific- 
ally for  a  range  of  microprocessors. 

MIL-STD-1750  processors  (Fig.  Sa) 

Interconnection  is  straightforward  as 
illustrated. 

Motrola  68000  (Fig.  5b) 

As  this  microprocessor  is  byte  orien- 
ted, direct  word  transfers  to  odd  and 
even  locations  as  required  by  the 
A1M-BIU,  cannot  take  place.  This  is 
overcome  by  offsetting  the  cpu 
address  bus  and  not  connecting  AO  as 
shown  in  Fig.  5b.  /STRBD,  which 
indicates  a  valid  cycle,  is  derived  by 


ORing  the  upper  and  lower  data 
strobes.  /READYD  is  used  as  the 
/DTACK  input  to  the  68000.  This 
signal  is  shown  buffered  if  there 
should  be  more  than  one  device 
connected  to  this  input  to  the  cpu. 

Intel  8086  processor  (Fig.  5c) 

The  8086  interface  is  similar  to  the 
68000  above.  /STRBD  is  derived  by 
ORing  /MEMRD  and  /MEMWR 
signals.  /READYD  is  inverted  to 
create  the  correct  logic  sense  and  gated 
for  when  the  AIM-BIU  is  not  in  use. 

Zilog  Z8000  (Fig.  5d) 

Again,  the  interface  for  the  Z8000  is 
basically  the  same  as  the  previous  two. 
The  /READYD  signal  is  used  to 
derive  the  /WAIT  signal  required  by 
the  Z8000. 

It  is  important  to  note  that  Figs. 
5a-5d  illustrate  interconnections  for 


use  with  the  internal  8k  x  16  RAM. 
However,  control  signals  are  available 
from  the  AIM  hybrid  to  enable  the 
user  also  to  utilise  both  internal  and 
external  RAM  or,  if  preferred,  exter- 
nal RAM  only. 

In  summary,  in  this  device,  the 
design  engineer  is  offered  a  complete 
MIL-STD-1553B  bus  interface  unit 
and  the  facility  to  design  a  "stan- 
dard" interface  card  for  both  BC  & 
RT.  His  board  size  is  minimised  as  is 
power  consumption.  Only  standard 
control  signals  are  required  for  the 
sub-system  interface  which  is  compat- 
ible with  most  "off  the  shelf" 
microprocessors.  Memory  mapping  is 
mostly  user  definable  with  consider- 
able memory  expansion  capability. 
Double  or  multiple  buffering  is 
supported.  Dynamic  self  testing  and 
built  in  test  (BIT)  features  provide  for 
data  integrity.  □ 
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There  are  a  great  many  factors  to  con- 
sider in  MIL-STD-1553  terminal 
design.  In  today's  competitive  climate 
for  avionics  systems,  cost  assumes  a 
high  degree  of  importance.  Com- 
ponent prices,  while  significant, 
represent  only  a  portion  of  the  overall 
system  cost  picture.  Some  of  the  other 
prominent  factors  include 
functionality,  ease  of  use  and  the 
development  costs  associated  with  cir- 
cuit design,  printed  circuit  board 
design  and  software  development. 
High  on  the  list  of  system  design  con- 
siderations are  power  consumption, 
board  space  and  thermal  aspects.  Ad- 
ditional factors  contributing  to  life 
cycle  costs  include  reliability,  tes- 
tability, ease  of  troubleshooting,  mean 
time  to  repair  and  component  count 
for  purpose  of  logistics  and  system 


The  most  common  MIL-STD-1553  ter- 
minal architecture,  a  dual  redundant  bus 
interface,  BC/RT/MT  protocol  with 
memory  management,  shared  RAM  in- 
terface and  RAM  is  the  subject  of  this 
article.  Two  alternative  solutions  to  this 
interface  design  are  considered:  (1)  a 
fully  integrated  chip-and-wire  hybrid 
implementation  and,  (2)  a  multi-com- 
ponent discrete  design.  In  presenting  the 
comparisons  and  tradeoffs  involving  the 
two  approaches,  an  attempt  will  be  made 
to  dispel  some  of  the  myths  that  prevail. 

A  comparison  summary  of  a  fully  in- 
tegrated 1553  hybrid,  DDC's 
BUS-61553,  vs.  a  "discrete"  terminal  im- 
plementation is  given  in  Table  1.  The 
balance  of  this  article  will  support  the 
conclusions  listed  in  the  summary. 
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TABLE  1.  COMPARISON  SUMMARY: 

BUS-61553  AIM  Hybrid  vs.  -Discrete- 1553  Terminal  Implementation 

PARAMETER 

BUS-61553 

All!  UVDDin 

AIM  HYdnlU 

"DISCRETE" 

TEDIUM  A  1 

Component  Cost  (Qtv.  100) 

$1088 

$1135 

NRE  Costs 

Moderate 

Higher 

Purchasing,  Inspection  and  Handling 

Low 

Higher 

P.C.  Board  Cost 

Low 

Higher 

Board  Assembly,  Inspection  and  Re-Work 

Low 

Hiqher 

Power  Dissipation  (W.) 

1,325  (typ.)  2.155  (max.) 

1.497  (typ.)  2.270  (max.) 

A  33  en  in 

S  99  en  in 

Junction-to-Case  Thennal  Resistance 

6.13  degrees  C  per  watt 

7.00  degrees  C  per  watt 

Layout  Complexity 

Low 

Moderate 

Software  Complexity 

Low 

High 

MTBF  (ground  benign  environment) 
at  25  degrees  C  (hrs) 
at  125  degrees  C  (hrs) 

6,553,000 
55,000 

4,200,000 
39,500 

Testability 

Good 

Fair 

Troubleshooting  Effort  Required 

Minimal 

Complex 

MTTR 

Low 

Higher 

Life  Cycle  Costs 

Moderate 

Higher 

CHIPS  vs.  HYBRIDS 

There  exists  a  good  deal  of  confusion 
with  respect  to  the  tradeoffs  regarding 
the  use  of  a  single  hybrid  in  contrast  to 
multiple  discrete  packaged  chips,  par- 
ticularly in  relation  to  MTL-STD-1553 
interface  design.  The  two  fallacies  that 
need  to  be  dispelled  are: 

(1)  The  Fully  Monolithic  1553  Solution. 
There  is  no  such  thing.  As  of  this 
writing,  there  are  no  fully  monolithic 
1553  transceivers.  Several  have  tried, 
but  to  date  nobody  has  succeeded  in 
producing  a  fully  monolithic 
transceiver  not  requiring  external  pas- 
sive components.  The  main  area  of 
difficulty  lies  in  producing  resistors  and 
capacitors  on  a  bipolar  chip  (providing 
the  power  level  mandated  by  -1553 
from  a  monolithic  CMOS  transmitter  is 
not  considered  feasible  at  this  time)  to 
meet  1553's  stringent  electrical 
criteria.  These  passive  components 
would  have  to  be  accurate  and  stable 
enough  to  reliably  yield  1553's  trans- 
mitter rise/fall  times  and  receiver  filter 
characteristics  over  the  military 
temperature  range.  As  a  result,  virtually 
all  1553  transceivers  are  implemented 
as  hybrid  circuits  utilizing  thick  film 


resistors  and  chip  capacitors  external  to 
the  active  chips,  or  as  discrete  designs. 
Since  a  hybrid  is  required  for  the 
transceiver  function,  virtually  all 
present  day  1553  implementations  in- 
clude a  minimum  of  one  hybrid 
component.  The  "Monolithic  1553 
Solution"  is,  indeed,  a  specious  claim. 

(2)  Monolithics  Are  Less  Expensive 
Than  Hybrids.  In  a  first  glance  price 
comparison  between  a  1553  protocol 
chip  and  a  fully  integrated  1553  hybrid, 
the  protocol  chip  may  appear  to  be  the 
more  economical  choice.  In  point  of 
fact,  this  is  not  the  case.  In  order  to 
comprise  a  complete  microprocessor  to 
shared  RAM/1553  bus  interface, 
today's  single  hybrid  component  is 
nearly  autonomous.  By  contrast,  in 
order  to  assemble  a  complete  1553 
solution,  the  protocol  chip  requires,  in 
addition  to  a  clock  oscillator,  buffers 
and  transformers;  a  separate  hybrid 
transceiver,  two  packaged  memory 
chips  as  well  as  increased  P.C.  board 
space  and  complexity.  This  article  will 
proceed  to  show  that  the  total  cost  of 
these  components  is  greater  than  the 
single  1553  hybrid.  Moreover,  beyond 
raw  material  pricing,  there  are  a  num- 


ber of  other  cost  drivers  that  favor  the 
single  component  solution. 

NON-RECURRING  COSTS 

This  article  takes  a  look  at  non-recurring 
engineering  costs  broken  down  into  four 
areas:  proposal  costs,  circuit  design, 
printed  circuit  board  layout  design  and 
software  development 

The  use  of  a  single  component 
provides  obvious  advantages  in  terms  of 
proposal  preparation  effort.  Since  many 
system  proposals  are  done  on  a  tight 
schedule,  it  is  of  urgent  importance  to 
minimize  not  only  risk  but  also  the  num- 
ber of  components  requiring  selection 
and  evaluation.  Typically,  this  entails 
analyses  of  functionality,  cost,  board 
space,  power  requirements,  reliability 
and  other  system  parameters.  If  this 
evaluation  is  done  on  a  comparative 
basis,  it  will  inevitably  favor  the  use  of 
the  single  integrated  hybrid  over  the  dis- 
crete design. 

In  contrast  to  an  autonomous  hybrid,  a 
design  consisting  of  multiple  com- 
ponents requires  additional  analysis  and 
evaluation  to  verify  performance  and  en- 
sure an  optimal  design.  This  generally 
entails  the  time,  cost  and  risk  of  com- 
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ponent  selection;  breadboard  design, 
build  and  evaluation.  Assuming  all  goes 
well  in  the  breadboard  stage,  the  amount 
of  documentation  required  for  a  multi- 
component  bus  interface  design  will  be 
of  necessity  greater  than  that  for  a  single 
hybrid.  The  use  of  the  integrated  hybrid 
design  eliminates  this  portion  of  the  sys- 
tem breadboarding,  allowing  the  design 
team  to  concentrate  on  higher  level  tasks 
in  the  system  development 

There  is  little  question  that  the  time, 
cost  and  risk  of  printed  circuit  board 
layout  design  for  a  multiple  component 
1553  interface  is  much  greater  than  that 
incurred  when  designing  in  a  single 
hybrid.  Several  factors  favor  the  use  of  a 
single  hybrid:  (1)  P.C.  board  real  estate. 
This  is  often  at  a  premium  in  avionics 
systems.  The  combination  of  a  pin  grid 
array  1553  protocol  chip  plus  external 
transceiver  and  RAM  chips  will  require 
more  board  space  than  a  single  integrated 
hybrid.  This  can  be  a  restricting  and  com- 
plicating factor  in  P.C.  board  layout 
design.  (2)  The  use  of  a  mutiple  com- 
ponent 1553  interface  will,  in  all 
likelihood,  lead  to  the  added  complica- 
tion of  more  board  layers.  The 
probability  of  having  to  add  P.C.  board 
layers  will  be  even  greater  if  the  protocol 
chip  is  packaged  in  a  pin  grid  array 
(PGA)  package.  (3)  Routing.  The  use  of 
the  multi-component  1553  interface  will 
require  approximately  60  more  intercon- 
nects than  will  the  integrated  hybrid. 
This  is  primarily  attibutable  to  the  use  of 
discrete  static  RAM  chips,  entailing  the 
additional  routing  of  16-bit  wide  address 
and  data  buses,  plus  control  signals.  If  the 
protocol  chip  is  packaged  in  a  PGA  pack- 
age,  the  routing  task  is  further 
complicated  by  the  difficulty  of  passing 
signals  through  the  board  region  popu- 
lated by  the  pin  grid  (four  sides,  multiple 
rows).  (4)  Component  positioning.  This 
is  an  aspect  that  should  not  be  trivialized. 
Some  of  the  issues  requiring  careful  at- 
tention are  component  spacing,  trace 
length,  crosstalk  and  ground  planes.  The 
most  risky  interconnects,  in  terms  of 
layout,  are  the  protocol  chip-to- 
transceiver  and  transceiver-to- 
transformer  interfaces.  Care  must  be 
taken  in  these  areas  to  ensure  proper 
transceiver  and  encoder/decoder  opera- 


tion. If  the  layout  of  this  section  has 
excessive  capacitance,  the  effective 
input  impedance  of  the  receiver  as  seen 
from  the  bus  could  fall  below  1553's 
specifications.  Other  possible  effects  of 
poor  decoder/receiver  layout  include 
crosstalk  and/or  timing  skews.  In  some 
instances,  these  can  lead  to  failure  of  the 
1553  tests  for  word  error  rate  and  zero- 
crossing  deviation.  The  use  of  the 
integrated  hybrid  eliminates  the 
protocol-to-transceiver  interconnect  on 
the  board.  Internal  to  an  integrated  1553 
hybrid,  the  transceiver-to- protocol  con- 
nection distance  is  kept  to  an  absolute 
minimum;  the  layout  for  this  section  is 
designed  and  optimized  very  carefully, 
tested  and  proven  many  times  over. 

Software.  In  many  avionics  systems, 
software  represents  the  most  expensive 
NRE  item.  The  inherent  complexity  of 
real  time  data  communications  software 
is  an  important  factor  in  1553  terminal 
implementation.  In  terms  of  the  software 
required  to  control  a  1553  I/O  port,  the 
development  effort  may  be  minimized 
by  judicious  component  selection.  The 
important  factors  to  consider  are 
functionality  and  ease  of  programming. 
The  level  of  functional  complexity 
should  be  sufficient,  but  not  greater,  than 
that  needed  to  meet  the  system  require- 
ments. The  overkill  of  too  much 
functionality  can,  in  many  instances, 
complicate  the  software  development. 
Selecting  a  1553  interface  configuration 
with  the  optimal  architecture  for  a 
specific  interface  requirement  can  lead  to 
software  development  savings  in  several 
areas:  learning  curve,  design,  coding, 
system  integration  and  debug,  documen- 
tation and  maintenance.  These  cost 
factors  can  be  further  magnified  if  the 
burdens  of  DOD-STD-2167A  are  man- 
dated for  a  particular  program. 

The  architecture  of  the  AIM  series 
hybrids  includes  a  number  of  features  to 
facilitate  software  development.  These 
include  a  minimal  number  of  registers 
(three)  as  well  as  highly  simplified 
pointer  and  data  structures.  Some  of  the 
programmer-friendly  features  of  the 
AIM  hybrids  include  a  single  stack  area 
containing  both  BC  setup  information  as 
well  as  a  chronology  of  all  messages 


processed  for  BC  and  RT  modes.  For 
each  BC  message,  control  information  is 
contained  in  a  single  word.  For  RT  mode, 
data  blocks  for  individual  messages  are 
located  in  the  shared  RAM  by  means  of 
a  single  lookup  table  pointer  for  each 
TR/subaddress.  Other  features  include 
comprehrensive  error  handling  and 
maskable  interrupt  conditions.  The  AIM 
hybrids,  being  the  second  generation  of 
the  same  design,  represent  a  thoroughly 
proven  architecture. 

By  contrast,  other  1553  protocol 
devices,  aside  from  being  less  proven 
than  the  AIM  hybrid  family,  contain 
many  times  the  number  of  registers  (typi- 
cally 14  to  16)  and  more  complex  data 
structures  than  do  the  AIM  hybrids.  In  a 
typical  application,  there  are  many  more 
data  pointers  and  interrupt  conditions  to 
be  managed.  The  inevitable  result  is  an 
extended  learning  curve  period  and  in- 
creased coding/debug  time  required  for 
software  development.  Furthermore, 
memory  (RAM/ROM)  requirements 
tend  to  be  higher  and  effective  data 
throughput  rates  tend  to  be  lower  (due  to 
increased  BC  intermessage  gap  times) 
for  these  implementations  of  the  -1553 
protocol.  To  summarize,  the  AIM 
hybrids,  by  virtue  of  their  simple,  ver- 
satile and  proven  design,  provide  an 
optimal  tradeoff  between  functional  per- 
formance and  software  development 
time. 

RECURRING  COSTS 

Depending  on  production  volume,  recur- 
ring costs  may  assume  a  greater  level  of 
importance  than  NRE  costs.  For  the  1553 
interface,  the  two  areas  of  recurring  cost 
are  component  cost  and  miscellaneous 
system  production  costs. 

The  primary  recurring  cost  is  com- 
ponent cost.  The  cost  analysis,  in  Table 
2,  compares  the  pricing  of  a  single  1553 
hybrid  terminal  against  the  total  cost  of  a 
multi-component  design,  consisting  of  a 
PGA  protocol  chip  plus  dual  hybrid 
transceiver  and  two  discrete  8K  X  8 
static  RAM  chips.  This  comparison  as- 
sumes 100  piece  quantities  and 
MIL-STD-883  parts  screening.  The 
costs  of  tri  -  state  data  and  address  buffers, 
clock  oscillator  and  pulse  transformers 
are  not  considered,  since  they  are  com- 
mon to  both  approaches. 
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TABLE  2.  COST  ANALYSIS 

Single  component  vs  Multi-Component 
(100  piece  quantity) 


Single  Component  1553  Interface: 


BUS-61553-883B.. 


.11088 


Multi-Component  1553  Interface: 


Multi-Component  1553  Interface: 

1553  Protocol  PGA  Chip  $  600 

Dual  Hybrid  Transceiver  $  415 

Two  8K  X 16  Static  RAM  Chips  $  120 

TOTAL  S1135 


While  the  component  cost  advantage  for 
the  integrated  hybrid  1553  terminal  solu- 
tion over  the  multi-component  approach 
is  relatively  modest,  the  comparison  is 
clearer  in  other  recurring  aspects  of  sys- 
tem production.  The  reduced  number  of 
components  results  in  cost  advantages 
throughout  the  production  cycle.  This 
includes: 

(1)  Purchasing 


Paperwork 
Material  Handling 
Incoming  Inspection 

(5)  Component  Test 

(6)  Printed  Circuit  Board  Cost 

(7)  Board  Assembly 

(8)  Board  Inspection 

(9)  Testing  and  Troubleshooting 
(10)  Yield  and  Re-work  costs 


(2) 
(3) 
(4) 


ADVANTAGES  OF  THE  AIM 
SERIES  INTEGRATED  1553 
SOLUTION 

As  mentioned,  the  use  of  the  integrated 
hybrid  results  in  advantages  throughout 
the  development  and  production  cycles. 
In  addition  to  the  advantages  listed 
above,  it  is  important  to  consider  that  a 
1553  hybrid  such  as  the  BUS-61553  is 
procured  as  a  fully  integrated,  tested 
and  inspected  single  component.  All 
others  things  assumed  equal  (they're 
not),  this  reduces  the  associated  cost  and 
overhead  burdens  for  the  user. 

Power  and  Thermal  Considerations. 

Several  important  aspects  of  system 
design  relate  to  power  requirements. 
These  include  the  number  of  supply  vol- 
tages, current  requirements,  dissipation, 
size,  weight,  complexity,  heatsinking 
and  thermal  budgeting.  All  weigh  sig- 
nificantly in  system  MTBF  and  life  cycle 
costs. 

DDC,  in  the  evolution  of  its  1553 
product  line,  has  been  through  several 
generations  of  transceiver  and  protocol 
design.  The  present  generation  of 
transceivers  integrates  all  active  com- 
ponents onto  a  single  monolithic  chip  per 


channel  requiring  only  a  -15  volt  or  -12 
volt  supply  along  with  a  +5  volt  supply. 
The  need  for  a  +15  or +12  volt  supply,  as 
required  in  earlier  generation  DDC 
products  and  some  competitive 
transceivers,  is  eliminated.  The  latest 
generation  transceiver  monolithics, 
which  are  incorporated  into  the  BUS- 
61553  and  BUS-61554  hybrids,  not  only 
eliminate  the  need  for  a  positive  supply 
rail,  but  greaUy  reduce  the  1553  interface 
power  consumption  and  power  dissipa- 
tion. Going  one  step  further,  the  +5  volt 
only  dual  transceiver  integrated  into  the 
BUS-61555  AIM  hybrid  not  only 
eliminates  the  -15V  (-12V)  supply  as 
well  as  the  +15V  (+12V)  supply,  but 
requires  an  even  lower  level  of  input 
power  than  the  BUS-61553  or  BUS- 
61554.  In  fact,  since  the  transceiver  is 
integrated  in  the  same  package  as  the 
protocol,  it  has  been  possible  to  optimize 
the  design  of  the  receiver  logic  such  that 
the  5  volt  transceiver  in  the  BUS-61555 
draws  even  lower  power  (about  10%  at 
Idle)  than  the  corresponding  dual 
transceiver  hybrid,  the  BUS-63148.  This 
provides  an  advantage  for  the  5  volt  AIM 
hybrid  that  cannot  be  duplicated  in  a 
multi-component  discrete  design. 


THE  BUS-6155X/6X  AIM  SERIES  HYBRIDS 


Figure  1  illustrates  a  simplified  block  diagram  of  the  BUS- 
61553  Advanced  Integrated  Mux  Hybrid  (AIM-HY).  The 
BUS-61553  AIM  hybrids  comprise  complete  1553 
BC/RT/MT  terminals.  They  are  available  in  78-pin  DDIP  or 
82-pin  flatpack  packages.  Power  supply  options  include 
-15V/+5V.-12V/+5V  and  +5  volt  only. 

The  ATM  hybrids  contain  dual  low  power  transceivers  and 
encoder/decoders.  The  active  components  for  the  15V  and 
12V  transceivers  are  integrated  on  a  single  chip  for  each  bus 
channel.  The  Manchester  II  decoders  sample  the  received 
signal  with  a  16  MHz  clock,  achieving  better  noise  rejection 
and  zero  crossing  distortion  tolerance  than  10  MHz  or  12  MHz 
decoders.  The  RT  protocol  in  the  AIM  series  hybrids  is  an 
industry  standard  design,  implementing  all  MTL-STD-1553B 
message  formats  and  dual  redundant  mode  codes.  Likewise, 
the  BC  protocol  supports  all  options  of  1553.  In  monitor  mode, 
each  16-bit  word  plus  an  associated  identification  word  is 
stored  for  each  word  received. 

The  ATM  hybrids  include  8k  X  16  of  shared  RAM,  a  shared 
RAM  interface  and  memory  management.  The  interface 
implements  a  wait  state  type  of  handshake,  simplifying  con- 
nection to  16-bit  or  8-bit  microprocessors.  The  AIM  internal 
memory  management  logic  maintains  a  stack  data  structure. 


In  addition  to  facilitating  multi-message  BC  frame  schedul- 
ing, the  stack  provides  a  chronology  of  all  messages  processed 
for  both  BC  and  RT  modes.  For  RT  mode,  messages  are  stored 
in  data  blocks,  indexed  by  TR/subaddress  via  lookup  tables  in 
the  shared  RAM. 

Maskable  interrupts  are  provided  for  end-of-message,  end 
of  BC  message  list  and  message  error  conditions. 

The  protocol,  memory  management  and  interrupt  structures 
of  the  AIM  series  hybrids  provide  a  robust  platform  for  1553 
software  design  and  system  integration.  In  addition  to  com- 
prising a  thoroughly  proven  and  easily  mastered  architecture, 
the  AIM  provides  compatibility  to  earlier  generation  multi- 
hybrid  implementations  as  well  as  to  DDC's  PC-BUS  and 
VME-BUS  board  level  products. 

The  ATM  hybrids  consume  very  low  power,  particularly  the 
5  volt  only  version,  the  BUS-61555.  The  BUS-61553  has 
passed  SEAFAC  validation  testing,  ensuring  full  compliance 
to  MTL-STD-1553B.  The  BUS-61553  (15V)  and  BUS-61554 
(12V)  have  a  DESC  drawing  pending.  All  of  the  AIM  hybrids 
are  manufactured  in  DDC's  DOD-STD-1772  facility.  1772 
processing  is  required  in  order  to  screen  hybrids  to  883B.  The 
hybrids  are  available  in  0  to  70  degrees  C.  and  "B"  screening 
(similar  to  883B  but  without  QCI  testing)  as  well  as  883. 
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Going  beyond  low  power  consump- 
tion/dissipation, the  AIM  series  hybrids 
provide  a  further  advantage  in  the  area  of 
thermal  management.  This  results  from 
the  larger  surface  area  of  the  AIM  hybrid 
package.  The  larger  package  surface 
area,  3.93  sq.  inches  vs.  1.32  for  a  36-pin 
DDIP  transceiver,  results  in  a  lowerjunc- 
tion-to-case  thermal  resistance,  and  thus 
improved  reliability  for  the  AIM  over  a 
multi-component  implementation.  The 
junction-to-case  thermal  resistance  of 
the  AIM  series  hybrids  is  6.13  degrees  C 
per  watt;  for  the  current  generation  36- 
pin  DDIP  transceiver,  the  thermal 
resistance  is  7.00  degrees  C  per  watt. 
Since  most  of  the  dissipation  (and  thus  a 
significant  portion  of  the  failure  rate)  of 
a  1553  interface  is  concentrated  in  the 
transceiver  section,  this  factor  should  not 
be  taken  lightly. 

The  power  dissipation  comparison  of 
the  ATM  series  hybrids  to  a  discrete  com- 
ponent 1553  interface  is  as  indicated  in 
Table  3.  Typical  and  maximum  power 
dissipation  values  are  indicated  for  25% 
transmit  duty  cycle.  At  this  duty  cycle,  it 
should  be  noted  that  the  total  power  con- 
sumed by  the  1553  interface  is  about  0.3 
watts  higher  than  the  power  dissipated. 


The  0.3  watts  are  dissipated  in  bus  isola- 
tion and  termination  resistors. 


TABLE  3.  POWER  DISSIPATION 

COMPARISON 

AIM  series  hybrids  vs 

a  discrete  component  1553  interface 

AIM  Series  Integrated 

Hybrids 

tVP 

max 

BUS-61553(5V/-15V): 

1.325 

2.155 

BUS-61554(5V/-12V): 

1.213 

1.975 

BUS-61555(5V): 

0.725 

1.250 

"Discrete"  1553  Terminal 

Solution 

Protocol/Interlace  PGA: 

0.175 

0.250 

TwolDT7164S55DB 

8KX  16  Static  RAM 

Chips:  2X0.080/0.1 10  = 

0.160 

0.220 

BUS-63125II  Transceiver 

(+5/-15V): 

1.162 

1.800 

BUS-63127II  Transceiver 

(+5/-12V): 

1.050 

1.620 

BUS-631 47  Transceiver 

(+5V): 

0.485 

0.940 

Total  "Discrete"  Terminal: 

+5V/-15V: 

1.497 

2.270 

+5V/-12V: 

1.385 

2.090 

+5Vonly: 

0.820 

1.410 

For  each  supply  voltage  category,  the 
AIM  integrated  solution  requires  less 
power  than  the  discrete  1553  interface. 

To  summarize,  the  low  levels  of  power 
consumption/dissipation  and  inherent 
heats  inking  of  the  ATM  series  hybrids 
provide  several  advantages.  Decreased 
power  supply  requirements  serve  to 
reduce  size,  complexity,  weight  and 
heatsinking.  Furthermore,  the  task  of 
thermal  management  for  the  1553  inter- 
face (transceiver)  simplifies  mechanical 
design  and  assembly  costs  by  reducing 
the  need  for  heatsinking  rails  and  cooling 


P.C.  Board  Space,  Cost.  The  recurring 
cost  for  a  P.C.  board  accomodating  a 
multi-component  discrete  1553  terminal 
design  will  be  inevitably  higher  than  for 
a  board  incorporating  a  single  bus  inter- 
face hybrid.  As  a  bare  minimum,  the 
board  for  the  multiple  components  will 
need  to  have  at  least  1 00  additional  holes. 
This  is  just  to  accomodate  components; 
moreover,  additional  holes  will  be  re- 
quired for  vias  (feedthroughs)  to 
interconnect  the  multiple  components. 
An  even  larger  increase  in  recurring 
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board  cost  will  be  incurred  if  additional 
layers  are  required  to  accomodate  the 
multi-component  terminal.  This  is  likely 
to  be  the  case.  In  terms  of  yield  and 
reliabilty,  the  board  for  the  multi-com- 
ponent 1SS3  terminal,  with  its  greater 
number  of  layers,  holes  and  routing  den- 
sity will  have  the  greater  chance  of 
failure  due  to  faulty  solder  lands,  joints 
or  solder  bridging. 

The  board  space  analysis  in  Table  4 
assumes  0.1  inch  component  spacing. 
For  surface-mounted  (flatpack)  com- 
ponents, a  formed  lead  length  of  0.03S 
inch  on  each  leaded  side  is  assumed.  The 
analyses  do  not  consider  the  board  space 
required  for  transformers,  tri-state  buf- 
fers or  clock  oscillators,  which  are 
common  to  both  approaches. 


TABLE  4.  BOARD  SPACE  ANALYSIS 

AIM  series  hybrids  vs 
"Discrete-  1553  terminal 

AIM  Series  Hybrids: 

aq.ln. 

(DDIPK(2.1  +  0.1)x(1.87  +  0.1))  = 
(Flatpack)((2.19  +  0.1  )x(1  .6  +  .17))= 

4.33 
4.05 

"Discrete"!  553  Terminal  Solution: 

Total  Board  Space  ■ 
Protocol/Interface  PGA: 

((1.1  +0.1)x(1.1  +0.1)) 
+  Dual  36-pin  DDIP  Transceiver: 

((0.775 +  0.1)x(1.7  + 0.1)) 
+  Two  28-pin  DDIP  RAM  Chips: 
((2)x(  1.465  +  0.1)x(0.605+0.1)) 
Total  Board  Space  = 

5.22 

Surface  mounted  "discrete" 
solution: 

Total  Board  Space  (Flatpack)= 
Protocol/Interface : 

((1.15  +  0.17)x(1. 15+0.17)) 
+  Dual  36-pin  DDIP  Transceiver: 

((0.785  +  0.17)x(1.905  +  0.1)) 
+  Two  28-pin  DDIP  RAM  Chips: 

((2)x((0.725+0. 1  )x(0.500+0. 1 7)) 
Total  Board  Space  (Flatpack): 

4.76 

System  Production  Costs.  The  use  of  a 
single  component  rather  than  several 
components  results  in  a  number  of  cost 
advantages  in  the  labor  intensive  areas  of 
system  manufacturing.  The  various  costs 
of  component  procurement  are  reduced 
in  proportion  to  the  number  of  line  items 
on  the  parts  list  This  includes  the  over- 
head associated  with  purchasing, 
paperwork  and  material  handling. 
Similarly,  the  costs  of  incoming  inspec- 


tion and  component  test  labor  are  held  to 
a  minimum  by  the  use  of  the  integrated 
hybrid.  The  efforts  required  for  P.C. 
board  assembly  and  inspection  are 
similarly  minimized.  This  can  result  in 
significant  cost  savings.  If  the  1553 
protocol  device  for  the  discrete  1553  ter- 
minal is  packaged  in  a  pin  grid  array 
(PGA)  package,  inspection  of  P.C. 
boards  becomes  difficult.  In  all 
likelihood,  the  added  complexity  of  the 
multi-component  1553  terminal  will 
produce  lower  initial  yield  at  board  level 
assembly,  resulting  in  higher  re-work 
costs. 

Testing  and  Troubleshooting.  In  terms 
of  system  costs,  testing  is  a  critical,  labor 
intensive  operation.  This  being  the  case, 
testability  assumes  an  important  role  not 
only  in  production  economics  but  also  in 
terms  of  the  total  system  life  cycle  costs. 
These  costs  are  both  non-recurring  and 
recurring.  NRE  test  costs  include  test 
equipment,  fixturization  design/build, 
test  software  development  and  documen- 
tation. Since  system  and  subsystem  test 
methodologies  are  typically  developed 
independently  at  factory,  maintenance 
depot  and  weapons  platform  sites,  these 
development  efforts  represent  a  sig- 
nificant portion  of  the  total  support  cost 
associated  with  any  given  system.  The 
availability  of  1553  protocol  testers  as 
well  as  general  purpose  analog  and  digi- 
tal test  equipment  facilitates  the 
development  of  end-to-end  functional 
tests.  Nevertheless,  the  need  for  diagnos- 
tic fixturization,  procedures  and  software 
can  add  significantly  to  development 
costs. 

In  terms  of  testing  and  troubleshoot- 
ing, the  AIM  series  hybrids  provide 
advantages  over  multi-component  1553 
interfaces.  It  is  clearly  evident  that  the 
use  of  an  integrated  1553  hybrid  greatly 
reduces  these  NRE  costs  by  eliminating 
the  need  for  diagnostic  hardware/ 
software. 

Recurring  costs  are  substantially 
reduced  by  eliminating  the  potentially 
tedious  and  lengthy  troubleshooting  ef- 
forts required  to  fault  isolate  from  among 
a  1553  protocol  chip,  a  transceiver  and 
discrete  RAM  chips.  Some 
receiver/decoder  problems  can  present 
subtleties  in  isolating  the  bad  com- 
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ponent;  in  many  instances,  identifying 
the  faulty  component  on  16-bit  data/ad- 
dress buses  involves  trial  and  error. 
These  time  consuming  troubleshooting 
situations  are  eliminated  by  the  use  of  an 
integrated  1553  hybrid;  if  the  1553  inter- 
face does  fail,  there  is  only  the  single 
component  to  replace. 

The  AIM  hybrids  contain  a  number  of 
built-in  self-test  features.  In  addition  to 
supporting  the  RT  "wraparound''  test  re- 
quired by  Notice  U  of  MTL-STD-1553B, 
these  include  internal  read/write 
registers  and  RAM,  which  are  inherently 
self-testable,  as  well  as  loopback 
capability  for  the  1553  "front  end".  This 
latter  feature,  which  supports  both  on- 
line testing  for  BC  and  RT  modes  as  well 
as  an  off-line  self-test,  entails  a  com- 
parison and  validity  check  of  the  last 
transmitted  word.  This  facilitates  an 
"end-to-end"  self-test,  encompassing  the 
processor  interface  logic,  parallel  and 
serial  data  paths,  internal  RAM,  en- 
coder/decoder, state  machine  and 
(optionally)  the  transceiver.  Since  self- 
test  is  a  requisite  element  of  modem 
systems  design,  the  inclusion  of  these 
features  is  an  important  attribute  to  con- 
sider. 

Reliability.  For  reasons  of  both  cost  and 
system  availability,  reliability  is  a  very 
important  parameter  in  military  systems. 
For  1553-based  systems,  it  is  instructive 
to  compare  the  mean  time  to  failure 
(MTBF)  of  a  hybridized  integrated  ter- 
minal to  that  of  a  "discrete"  terminal 
design. 

The  reliability  analyses,  whose  results 
are  listed  in  Tables  5&6,  compare  the 
MTBF  of  a  BUS-61553  AIM  hybrid  to 
that  of  a  comparable  "discrete"  1553  ter- 
minal. For  each  implementation,  the 
failure  rate  of  each  component,  including 
the  respecive  P.C.  board  area,  is  factored 
in.  The  BUS-61553  is  screened  to  MTL- 
STD-883C  Class  B  in  DDC's 
QML-38510(MTL-STD-1772 qualified) 
facility.  The  BUS-61553  is  assumed  to 
be  assembled  on  to  a  four-layer  printed 
circuit  board.  The  "discrete"  terminal  is 
assumed  to  consist  of  a  PGA  protocol 
device  that  is  screened  fully  compliant  to 
883,  including  qualification;  a  BUS- 
63125II  DDIP  transceiver  hybrid 
manufactured  in  DDC's  facility  and  two 
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chips  in  CERDIP  packages.  It  is  assumed 
that  the  "discrete"  terminal  is  assembled 
on  a  six-layer  board.  This  is  due  to  the 
additional  layers  required  to  accom- 
modate the  larger  number  of 
interconnects  for  the  "discrete"  terminal 
design.  The  analyses  are  performed  in 
accordance  with  MTL-HDBK-217E.  For 
both  cases,  50%  transmitter  duty  cycle  is 
assumed  at  25  and  125  degrees  C.  in  a 
ground  benign  environment 

Note  that  the  BUS-61553  has  a  sig- 
nificantly higher  MTBF  estimate:  about 
56%  better  at  25  degrees  C;  about  39% 
better  at  125  degrees  C.  The  reliabilty 
advantage  is  primarily  attributable  to  the 
processing  of  the  hermetically  sealed 
AIM  hybrids  in  DDC's  Qualified 
Manufacturers  List  (QML)  facility.  Ad- 
ditional factors  favoring  the  AIM  hybrid 
are  the  lower  failure  rate  of  the  as- 
sociated circuit  board  as  well  as  the 
lower  overall  power  dissipation  and 
lower  thermal  resistance  of  the  AIM 
hybrid  in  comparison  to  the  36-pin  DDIP 
transceiver  used  in  the  "discrete"  ter- 
minal design. 


Logistics  and  Life  Cycle  Costs.  In 
military  system  proposals,  life  cycle 
costs  are  assuming  an  increasing  level  of 
importance.  In  addition  to  raw  com- 
ponent cost,  there  are  a  number  of 
logistics  related  elements  in  total  system 
life  cost.  These  include  component 
weight,  power  consumption,  testability 
and  ease  of  troubleshooting,  MTBF  and 
MTTR.  The  number  of  different  types  of 
components  required  to  be  stocked  for 
spare  parts  is  viewed  as  a  very  important 
parameter  by  military  logistics  people. 
Such  factors  as  reliability,  spare  parts 
count,  commonality  throughout  inven- 
tory and  troubleshooting  cost  assume 
greater  importance  than  raw  component 
cost  The  "post-procurement"  percent- 
age of  total  system  life  cycle  costs  is 
typically  in  the  range  of  70  to  80  percent. 
In  the  case  of  MTL-STD-1553  terminal 
design,  the  single  component  hybrid 
solution  has  advantages  over  a  multi- 
component  implementation  in  all  of 
these  areas. 
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TABLE  5.  RELIABILITY  ANALYSES 

BUS-61553  AIM  Hybrid  MTBF  vs  ■Discrete"  1553  Terminal  MTBF. 

Fallures/10E6  hrs. 

Component 

25  degrees  C 

125  degree*  C 

For  the  BUS-61553  integrated  hybrid  solution: 

BUS-61553 

4-layer  P.C.  board 
TOTAL 

0.1282 
Q.0244 
0.1526 
(MTBF=6,553,000  hrs.) 

18.1493 

99844 

18.1737 
(MTBF  =  55.000  hrs.) 

For  the  "discrete"  terminal  solution: 

Protocol  Chip 

BUS-631 25II  Transceiver 

8K  X  8  Static  RAM 

8KX  8  Static  RAM 

6-layer  P.C.  board 
TOTAL 

0.0436 
0.0205 
0.0577 
0.0577 
0.0SS6 
0.2381 
(MTBF=4,200,000  hrs.) 

3.7253 
1.9786 
9.7768 
9.7768 
0.0586 
25.3161 
(MTBF  =  39,500  hrs.) 

SUMMARY 

MTBF  HOURS 

BUS-61553 

DISCRETE  TERMINAL 

25  doflroos  C 

125  degrees  C 

6,553,000 
4,200,000 

55,000 
39,500 

TABLE  6.  MTBF  COMPARISON  SUMMARY 

Component 

MTBF  (HOURS) 

BUS-61553 

DISCRETE  TERMINAL 

25  degrees  C 

125  degrees  C 

6,553,000 
4,200,000 

55,000 
39,500 

CONCLUSION 


The  choice  is  abundantly  clear.  The 
single  component  1553  terminal  solution 
provides  a  number  of  advantages  over  a 
multi-component  design.  The  use  of  an 
integrated  1553  terminal  such  as  DDC's 
BUS-6155X  AIM  series  hybrids 
provides  advantages  in  the  three  major 
phases  of  system  life  cycle:  develop- 
ment, production  and  maintainance/lo- 
gistics. 

Advantages  of  the  AIM  series  hybrids 
in  the  NRE  phase  include  reduction  of 
proposal  effort,  simplified  circuit  design, 
simplified  board  layout  design  and  a 
reduction  of  the  required  effort  for 
software  development 


For  the  system  production  cycle,  the 
use  of  the  AIM  integrated  terminal 
provides  significant  advantages.  In  addi- 
tion to  lower  component  cost,  these 
include  reduced  purchasing  overhead, 
lower  P.C.  board  costs  and  board  space 
and  a  reduction  in  the  labor-intensive 
areas  of  board  assembly,  troubleshooting 
and  re-work. 

In  terms  of  maintainance/logistics,  the 
most  significant  aspect  of  life  cycle 
costs,  the  AIM  series  hybrids  provide 
lower  power  consumption,  higher 
MTBF,  fewer  parts  to  inventory  and 
reduced  troubleshooting  time  and  thus 
lower  mean  time  to  repair  (MTTR). 
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STREAMLINE  YOUR 
MIL-STD-1553  DESIGN  BY 
ELIMINATING  THE  CPU 
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INTELLIGENT  MIL-STD-1553  CHIP 
CAN  ELIMINATE  THE  NEED  FOR  A 
CPU  IN  SOME  APPLICATIONS 


GAUGES 


That's  right,  eliminate  the  CPU.  A 
new  device,  the  BUS-65612  from  ILC 
Data  Device  Corporation  (DDC),  al- 
lows a  designer  to  interface  minimal 
complexity  systems,  such  as  switches, 
pressure  transducers,  D/A  converters, 
etc.  to  the  MIL-STD-1553  bus  without 
requiring  the  use  of  a  CPU.  This  min- 
imizes the  board  space  required  to 
interface  to  the  military  bus,  and 
eliminates  the  need  for  software. 


MIL-STD-1553  is  a  serial  data  bus 
developed  initially  for  use  in  military 
avionic  systems.  Its  reliability  is  one 
reason  it  is  now  being  used  in  many  other 
military  systems  such  as  tanks,  sub- 
marines, the  Space  Station,  and  naval 
vessels.  Many  of  these  applications  re- 
quire communicating  with  sensors  or 
gauges  across  the  MIL-STD-1553  bus. 

However,  many  engineers  quake  at  the 
thought  of  having  to  interface  a  pre- 
viously simple  design,  such  as  a  D/A 
converter,  to  the  MIL-STD-1553  bus. 
They  envision  having  to  tie  up  valuable 
board  space  for  the  multiple  components 
needed  to  support  the  protocol.  They 
shudder  at  the  thought  that  they  now  have 
to  add  a  microprocessor  and  write  (and 
document)  software  to  control  their 
board. 
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Engineers  need  fear  no  more  !!!  A 

new  monolithic  device  from  DDC,  the 
BUS -656 12,  incorporates  the  MTL- 
STD-1553  protocol  into  a  single 
radiation  hardened  chip.  The  BUS- 
65612  supports  Bus  Controller,  Remote 
Terminal,  or  Bus  Monitor  mode  of 
operation. 

It  offers  a  16  bit  DMA  interface  to  the 
subsystem,  making  it  possible  to  inter- 
face minimal  complexity  systems  (such 
as  pressure  transducers,  D/A  converters, 
switches,  etc.)  to  the  MTL-STD-1553 
bus,  without  requiring  a  CPU.  With 
the  addition  of  a  dual  transceiver,  two 
bus  transformers,  and  a  small  amount  of 
miscellaneous  logic,  the  circuit  is  com- 
plete. 

No  software  is  necessary  to  implement 
the  design !!! 

This  paper  will  examine  this  device 
and  illustrate  a  direct  method  of  control- 
ling multiple  D/A  converters  (to  output 
analog  values),  a  Synchro  to  Digital  con- 
verter (to  measure  positioning 
information)  and  an  LVDT/RVDT  con- 
verter (to  measure  velocity)  over  the 
MTL-STD-1553  bus  with  the  use  of  a 
single  protocol  chip. 


IMPLEMENTING  MIL-STD-1553 

The  BUS-65612  is  a  new  monolithic 
protocol  unit  from  ILC  Data  Device  Cor- 
poration (DDC).  It  is  capable  of 
implementing  Bus  Controller  (BC), 
Remote  Terminal  (RT)  or  Bus  Monitor 
(MT)  operation.  Fabricated  using 
Silicon-On-Sapphire  technology,  it  is 
radiation  hardened  to  tactical  levels.  It  is 
available  as  a  pin  grid  array,  in  a  78  pin 
DDIP  (the  BUS-65610)  or  packaged 
with  a  dual  transceiver  as  a  78  pin  DDIP 
(the  BUS- 65142).  The  BUS-65612  util- 
izes a  16MHz  clock,  rather  than  the  12 
MHz  clock  typically  used  in  MTL-STD- 
1553  designs.  The  higher  clock  rate 
allows  the  BUS-65612  to  sample  the 
MTL-STD-1553  waveforms  at  more  fre- 
quent intervals,  providing  superior  bit 
error  rates.  See  the  block  diagram  of 
Figure  L 

SAMPLE  CIRCUITS 

In  the  examples  given  in  this  paper,  the 
BUS-65612  will  be  operating  as  an  RT. 
This  monolithic  protocol  unit  has  suc- 
cessfully passed  the  stringent  RT 
Validation  tests  performed  by  SEAFAC 
at  Wright  Patterson  Air  Force  base. 
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Thus  a  designer  can  rest  assured  that  any 
design  utilizing  this  part  will  fully  meet 
the  MTL-STD-1553  protocol  require- 
ments for  Remote  Terminals.  For 
purposes  of  clarity,  the  Receive  circuitry 
will  be  discussed  separately  from  the 
Transmit  logic. 


OPERATION  OF  THE 
BUS-65612  AS  AN  RT 

Upon  detection  of  a  valid  command 
which  matches  the  user  defined  RT  ad- 
dress as  indicated  by  pins  ADDRA  - 
ADDRE  and  the  address  parity 
ADDRP,  the  BUS-65612  asserts  the  sig- 
nal New  Bus  Grant,  NBGT.  This 
indicates  the  start  of  a  new  message 
transfer.  825-925  nanoseconds  later, 
bits  0-10  of  the  command  word  can  be 
obtained  from  the  data  bus.  The  subad- 
dress  and  T/K  values  are  also  available 
on  the  address  bus,  pins  A5- A10.  These 
values  will  remain  latched  on  the  address 
bus  until  receipt  of  the  next  valid  com- 
mand for  this  RT  address. 

The  signal  TNCMD  indicates  that  the 
BUS-65612  is  presently  handling  a  MTL- 
STD-1553  message  transfer.  See  the 
timing  diagram  shown  in  Figures  3&4. 
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FIGURE  1 .    BLOCK  DIAGRAM  OF  BUS-6561 2 
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DMA  OPERATION 

Transfers  to/from  the  subsystem  are  per- 
formed over  the  16  bit  data  bus  using  a 
standard  DMA  handshake.  The  signal 
DAT/CMD  indicates  whether  the  word 
being  transferred  to  the  subsystem  is  a 
command  or  a  data  word.  The  signal 
RD/WK  indicates  the  direction  of  the 
transfer.  (A  logic  '  1 '  indicates  a  transfer 
from  the  subsystem  to  the  BUS-65612. 
A  logic  '0'  indicates  a  transfer  from  the 
BUS-65612  to  the  subsystem.) 


RECEIVE  COMMANDS 

The  signal  DTREQ  is  asserted  to  initiate 
the  DMA  transfer  cycle.  The  subsystem 
responds  with  DTGRT.  The  subsystem 
must  respond  with  DTGRT  within  2.10 
microseconds  for  a  command  word 
transfer,  and  within  2.8S  microseconds 
for  a  data  word  transfer.  The  BUS- 
65612  acknowledges  acceptance  of  the 
data  bus  by  asserting  the  signal  DTACK. 
This  signal  should  be  connected  to  the 
BTJFEN  input  pin  to  insure  correct  opera- 
tion of  the  internal  tristate  buffers. 


225  -  275  nanoseconds  later,  the  signal 
DTSR"  is  asserted  by  the  BUS-65612. 
The  rising  edge  of  this  signal  can  be  used 
to  latch  the  word  being  transferred  from 
the  MIL-STD- 1553  bus.  Approximately 
200  nanoseconds  later,  DTACK  is 
removed,  and  the  cycle  is  completed. 
See  Figure  3. 

TRANSMIT  COMMANDS 

The  signal  DTREQ  is  asserted  to  initiate 
the  DMA  transfer  cycle.  The  subsystem 
responds  with  DTGRT.  The  subsystem 
must  respond  with  DTGRT  within  2.10 
microseconds  for  a  command  word 
transfer,  and  within  9.35  microseconds 
for  a  data  word  transfer.  The  BUS- 
65612  acknowledges  acceptance  of  the 
data  bus  by  asserting  the  signal  DTACK. 
Once  again,  this  signal  should  be  con- 
nected to  the  BTJFEN  pin. 

225-275  nanoseconds  later,  the  signal 
DTSTK  is  asserted.  The  rising  edge  of 
this  signal  is  used  to  latch  the  word  being 
transferred  to  the  MIL-STD-1553  bus 
into  the  internal  buffers  of  the  BUS- 
65612. 


Approximately  200  nanoseconds 
later,  DTACK  is  removed,  and  the  cycle 
is  completed.  See  Figure  4. 

MULTIPLE  WORD 
TRANSFERS 

If  the  received  command  word  contained 
a  word  count  greater  than  1,  the  5  least 
significant  bits  of  the  address  bus  will 
automatically  be  incremented  when 
DTACK  is  removed.  On  the  BUS- 
65612,  the  signal  ADRINC  will  be 
asserted  on  the  rising  edge  of  DSTR. 
(This  signal  is  not  available  on  the  BUS- 
65 142  package.)  These  signals  allow  the 
user  to  easily  transfer  blocks  of  data 
to/from  sequential  locations  in  RAM, 
without  the  need  for  additional  circuitry. 
See  the  timing  diagrams  of  Figures  2&3. 


SAMPLE  RECEIVE  CIRCUITRY 

The  circuit  shown  in  Figure  2  interfaces 
multiple  (2)  D/A  converters  to  the  MIL- 
STD- 1553  bus.  The  value  to  be 
converted  to  analog  is  downloaded  by 
the  BC  as  a  receive  command  to  the 


OAC-2 

DAC-aatoe 

74LS74 

m 

FIGURE  2.    SAMPLE  RECEIVE  CIRCUIT 
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aoau  min-H    K  I 
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1 1 


TV, 
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TLT 


TT 


CURRENT  WORD  COUNT  -  00001 


"uur 

1 1 1 1 


I00n*  t<*x 
"  1|  


TT 


I  I  l  I  1 


37 


225  -  275ns-- 


2nd  DATA  WORO  IS 
RECEIVED  A 
VALIDATED 
fiTUREOUESTSOATA 
BUS  FOR  DATA  WORO 


-50ni  mm 
RTU  DATA  VALID 


225  ■  275M-.J  L. 

H 


DTGRT 
IS  RECOGNIZED 
DATA TRANSFER 
STARTS 


4J-  ■ 


RI  FAIL 
ISCLEAREO 
IF  (T  WAS  SET 


MO  MORE 
CONTINUOUS  DATA 
ENCODER 
NOTES:  STARTED  UP 

1  LEGEND 

g?\\\N  DON  T  CARE 

ITlMimi!  DATA  BUS  IS  UNDEFINED 

 REPRESENTS  THE  SEOUENCE  OF  EVENTS  IF  THE  COMMAND  WAS 

BROADCAST  NOTE  NO  STATUS  WOULD  BE  TRANSMITTED  ON  1553  BUS 

2  EACH  WORD  IS  DRIVEN  FOR  =  l8-l9ns  ON  DO-D'S  IF  BUF  FNA  IS  ACTIVE  - 
THE  LAST  WORD  IS  AVAILABLE  FOR  3  5  TO  4  us  SINCE  THE  STATUS 
WORD  MUST  BE  SUPPORTED 

3  DATA  BUS  IS  SHOWN  WITH  BUF  E"NA  CONNECTED  TO  DTACK  (SEE  PIN 
FUNCTION  TABLE.  PIN  67  ON  PAGE  16) 

■>  IHE  POSITION  OF  DTACK  WILL  VARY  DEPENDING  ON 
WHEN  DTGRT  IS  GIVEN  THE  TIME  WILL  BE 

100ns  MIN  &  150ns  MAX  FROM  DTHEQ.   

5  HSFAIL  IS  ASSERTEO  UPON  EXCESS  DTGRT  RESPONSE  TIME  GSR  WILL  BE  SET 

6  RTFAIL  IS  CLEAREO  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET  FLAG 
WILL  REMAIN  SET  FQR  ENTIRE  MESSAGE  INCMD  FALLING  EDGE  CAN  BE 
USED  TO  LATCH  RTFAIL  STATUS 

7  IQOns  m'n  "  REPRESENTS  SETUP  TIME  OF  VALID  DATA  BEFORE  THE 
DTSRB  GOES  LOW 


FIGURE  3.    BUS-6561 2  RECEIVE  TIMING 
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SUBSYSTEM  DATA 
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THE  DATA  BUS 
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1.  LEGEND 

CTOW^M  DON'T  CAflE 

lIHIlIIIII  DATA  BUS  IS  UNDEFINED   

2  EACH  WORD  IS  DRIVEN  FOR  =  18-19^S  ON  D0-D15  IF  BUF  ENA  IS  ACTIVE  - 
THE  LAST  WORD  IS  AVAILABLE  FOR  3  5  TO  4  [is  SINCE  THE  STATUS 
WORD  MUST  BE  SUPPORTED 

3  DATA  BUS  IS  SHOWN  WITH  BUF  ENA  CONNECTED  TO  DTACK  (SEE  PIN 
FUNCTION  TABLE.  PIN  67  ON  PAGE  16) 

4  THE  POSITION  OF  DTSCK  WILL  VARY  DEPENDING  ON  WHEN  DTGH 1  IS 
GIVEN  THE  TIME  WILL  BE  100ns  MIN  &  150ns  MAX  FROM  DTREQ 

5  HSFAIL  IS  ASSERTED  UPON  EXCESS  DTGRT  RESPONSE  TIME  INCMD  WILL 
SUBSEQUENTLY  GO  LOW  AND  NO  FURTHER  WORD  TRANSFERS  WILL  OCCUR 

6.  RTFAIL  IS  CLEARED  UPON  STATUS  WORD  TRANSMISSION  ONCE  SET.  FLAG 

WILL  REMAIN  SET  FQfl  ENTIRE  MESSAGE  INCMD  FALLING  EDGE  CAN  BE 

USED  TO  LATCH  RTFAIL  STATUS 
7  100ns  mm  -  REPRESENTS  SETUP  TIME  OF  VALID  DATA  BEFORE  THE 

DT5RB  GOES  LOW  FOR  A  WRITE  CYOLE  A  READ  CYCLE  REQUIRES  VALID 

DATA  150ns  MAX  AFTER  DTACK  GOES  LOW 


FIGURE  4.    BUS-6561 2  TRANSMIT  TIMING 
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unit's  RT  address.  Each  D/A  converter  is 
controlled  by  a  separate  subaddress,  thus 
a  single  BUS-65612  could  control  up  to 
30  separate  devices. 

The  D/A  converter  used  in  this  ex- 
ample is  the  DAC-02900,  from  DDC.  It 
is  a  16  bit,  IS  microsecond  D/A  con- 
verter with  a  10  volt,  full  scale  output 
range.  It  has  a  precision  internal  refer- 
ence and  is  available  in  grades  of 
linearity  of  16  bit  (±  0.0008%),  15  bit 
(0.0015%)  and  14  bit  (±  0.003%).  It  is 
particularly  well  suited  for  audio 
reconstruction,  waveform  generation 
and  precision  test  equipment. 

The  DAC-02900  uses  a  Complemen- 
tary Binary  Coding  in  Unipolar  output 
mode  and  a  complementary  offset  binary 
coding  in  Bipolar  output  mode.  The 
table  in  Figure  5  lists  the  output  voltages 
as  a  function  of  input  data  for  both 
Bipolar  and  Unipolar  modes  of  opera- 
tion. 

The  signal  NBGT  begins  the  receive 
cycle.  The  command  word  is  decoded  to 
determine  which  of  the  D/A  converters 
is  being  addressed.  In  this  case,  the  sig- 
nal BTGRT  is  tied  low.  This  allows  the 
protocol  device  constant  access  to  the 
data  highway.  The  received  data  word  is 
strobed  into  a  temporary  buffer  by  using 


DTSTR  in  conjunction  with  R/W  and 
CMD/DAT  asserted  low. 

The  BUS-65612  will  automatically 
check  for  parity  errors,  Manchester  er- 
rors, word  count  errors,  etc.  If  the 
message  was  received  properly,  it  will 
signify  this  by  asserting  the  signal  Good 
Block  Received,  GBR.  This  signal  is 
used  to  allow  the  received  data  word  to 
be  presented  to  the  addressed  D/A  con- 
verter. This  prevents  erroneous 
information  from  being  presented  to  the 
converter. 

That's  all  there  is  to  it !!!  The  BUS- 
65612  will  handle  the  generation  (and 
suppression,  if  necessary)  of  the  status 
word  to  the  Bus  Controller. 

AUTOMATIC  self-test 

A  self-test  is  automatically  performed  by 
the  BUS-65612  at  the  end  of  each  mes- 
sage transfer  (for  both  Receive  and 
Transmit  commands).  The  last  word 
transmitted  over  the  MIL-  STD- 1 553  bus 
is  looped  back  through  the  primary  of  the 
transformer,  through  the  receiver  section 
of  the  transceiver,  is  decoded  by  the  en- 
coder/decoder circuitry  and  is  converted 
to  parallel  form  by  the  serial  to  parallel 
converter. 
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A  bit-by-bit  comparison  is  made  of  the 
transmitted  word  against  the  received 
word.  If  an  error  is  detected,  the  BUS- 
65612  generates  the  signal  RT  Test  Fail, 
KTfrAiU  Tying  mis  signal  to  the  pin 
KThLAU  causes  the  Terminal  Flag  bit  to 
be  set  in  the  RT's  MIL-STD-1553  status 
word. 

RT  STATUS  BITS 

The  BUS-65612  allows  the  subsystem  to 
control  the  following  MCL-STD-1553 
status  bits:  Terminal  Flag,  Dynamic  Bus 
Control  Acceptance,  Subsystem  Flag, 
Busy,  Service  Request,  and  Message 
Error.  These  pins  are  tied  high  (inactive) 
in  the  sample  circuits. 

The  Broadcast  Command  Received 
bit  will  automatically  be  asserted  by  the 
BUS-65612  if  the  corresponding  com- 
mand was  received  with  an  RT  address 
of  31,  and  Broadcast  commands  have 
been  enabled  by  setting  the  BROENA 
pin  high.  The  Message  Error  bit  will 
automatically  be  set  by  the  BUS-65612 
if  the  received  message  violates  MIL- 
STD-1553  protocol  in  any  way.  In 
addition,  the  designer  can  use  the 
ILLCMD  input  pin  to  illegalize  any  com- 
mand word. 


INPUT  DATA  CODING 

INPUT  DATA 

OUTPUT  VOLTAGE 

BIPOLAR 

UNIPOLAR 

00  0000   0000  000000 

01  1111    1111  111111 

10  0000   0000  000000 

11  1111  1111  111111 

+4.99985 
0.00000 
-0.00015 
-5.0000 

9.99985 
5.00000 
4.99985 
0 

VIII-22 


FIGURE  5.    PROGRAMMING  TABLE  FOR  DAC-02900 


QQQ 

ILC  DATA  DEVICE 
CORPORATION  _ 


MIL-STD-1553  DESIGNER'S  GUIDE 


COMMAND  ILLEGALIZATION 

The  BUS-65612  supports  all  dual  redun- 
dant mode  code  commands  defined  by 
MIL-STD-1553,  including  Transmit 
Last  Command  Word,  Transmit  Last 
Status  Word,  Transmitter  Shutdown, 
etc.,  without  requiring  any  support  from 
the  subsystem. 

In  addition,  the  user  can  illegalize  any 
command  with  the  use  of  a  single 
PROM.  The  Command  word  is  simply 
used  as  the  address  inputs  to  the  PROM. 
The  Prom  itself  is  constantly  enabled. 
The  output  will  only  be  sampled  by  the 
BUS-65612  at  the  appropriate  point  in 
the  message  transfer.  (See  the  timing 


diagrams  for  details.) 

The  corresponding  data  word  is 
programmed  by  the  user  to  a  '0  if  the 
command  is  to  be  allowed,  and  to  an  'FF 
if  it  is  to  be  illegalized.  The  least  sig- 
nificant data  bit  output  is  then  connected 
to  the  ILLCMD  pin  of  the  BUS-65612. 
This  causes  the  BUS-65612  to  set  the 
Message  Error  bit  in  the  status  word.  No 
data  will  be  transmitted. 


SAMPLE  TRANSMIT 
CIRCUITRY 

The  BUS-65612  can  be  used  just  as  easi- 
ly in  designs  where  the  subsystem  must 


transmit  data  to  the  Bus  Controller.  One 
example  would  be  a  Synchro  to  Digital 
converter,  where  the  subsystem's  func- 
tion is  to  monitor  flap  position ,  and  report 
it  to  the  Bus  Controller.  Another  ex- 
ample is  using  an  LVDT  converter  to 
report  velocity  information  to  the  Bus 
Controller. 

The  circuit  shown  in  Figure  6  il- 
lustrates a  method  of  interfacing  a 
synchro  converter  and  an  LVDT  to  the 
MEL-STD-1553  bus  without  requiring 
the  use  of  a  microprocessor.  Each  is 
controlled  via  a  separate  subaddress. 
Upon  command  from  the  Bus  Controller, 
it  will  transmit  the  latest  value  from  the 
addressed  converter. 


DATA  BUS  (D0-D1SI 


SEL-DTC 


■O 


K3 


-C^  DAT/CMP 


RT  ADDRESS 
AND  PARITY  BIT 
(USER  DEFINED) 


0 


EI 


BUS-63355 
(Sm  Not*) 


Not*:  8US-A5142  provide!  (h«  BUS-W612 
■nd  BUS-63355  In  ■  tingle  pickag*. 


FIGURES.    SAMPLE  TRANSMIT  CIRCUIT 
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S/D  CONVERTER 

The  S/D  converter  used  in  this  example 
is  the  SDC-14560  from  DDC.  It  offers 
programmable  resolution  of  10, 12, 14, 
or  16  bits  coupled  with  the  fast  tracking 
of  a  10  bit  device.  See  the  programming 
information  detailed  in  Figure  7.  For  this 
application  we  will  use  16  bit  resolution. 


LVDT  CONVERTER 

The  LVDT  converter  used  in  this  ex- 
ample is  the  DTC- 19300 Linear  Variable 
Differential  Transformer  to  digital  con- 
verter from  DDC.  The  converter's 
reference  voltage  is  derived  from,  and  is 


in  phase  with,  the  LVDT  output  signal. 
The  DTC-19300  can  be  programmed  to 
accommodate  the  broadest  range  of 
LVDT's  available.  (See  the  table  in  Fig- 
ure 8.)  An  analog  velocity  voltage  is  a 
standard  output.  This  signal  is  a  DC 
level  proportional  to  the  core' s  linear  rate 
of  change,  and  can  be  used  for  velocity 
feedback. 


INTERFACING  TO  THE 
CONVERTERS 

Both  converters  provide  the  digital  out- 
put as  separate  tristatable  bytes.  The 
most  significant  and  least  significant 
bytes  are  enabled  with  the  signals  EM 


and  FX,  respectively.  The  signal  INH 
locks  the  output  transparent  latch  so  the 
bits  will  remain  stable  while  data  is  being 
transferred.  The  output  is  stable  0.5 
microsecond  after  INH  is  driven  to  a 
logic  0.  See  the  timing  diagram  shown 
in  Figure  9. 

In  the  example  circuit  shown  in  Figure 
6,  both  ESI  and  FX  are  enabled  when  the 
particular  converted  is  selected.  This  al- 
lows a  full  16  bits  to  be  transferred  in  one 
operation. 

Upon  detection  of  a  command  con- 
taining the  circuit's  RT  address,  the 
BUS-65612  asserts  the  signal  NBGT. 
The  command  is  decoded  to  determine 
which  of  the  converters  is  being  ad- 
dressed. (Note:  since  this  application  is 


DIGITAL  ANGLE  OUTPUTS 

BIT 

DEG  BIT 

MIN  BIT 

1  MSB 

180 

10,800 

2 

90 

5,400 

3 

45 

2,700 

4 

22.5 

1.350 

5 

11.25 

675 

6 

5.625 

387.5 

7 

2.813 

168.75 

8 

1.405 

84.38 

9 

0.7031 

42.19 

10 

0.3516 

21.09 

11 

0.1758 

10.55 

12 

0.879 

5.27 

13 

0.439 

2.64 

14 

0.0220 

1.32 

15 

0.0110 

0.66 

16 

0.0055 

0.33 

Note:  EM  enables 

me  MSBs  and  EL  enables  the  LSBs. 

DYNAMIC  CHARACTERISTICS 

PARAMETER 

UNITS 

BANDWIDTH 

400Hz 

60Hz 

RESOLUTION 

BITS 

10 

12 

14 

16 

10 

12 

14 

16 

Input  Frequency 

Hertz 

360-1000 

47-1000 

Tracking  Rate 

RPS  min 

160 

40 

10 

2.5 

40 

10 

2.5 

0.61 

Bandwidth 

Hertz 

54 

* 

* 

* 

14 

* . 

* 

* 

K. 

1/sec2  nom 

12.500 

* 

* 

* 

780 

* 

* 

* 

A1 

1  /sec  nom 

0.31 

* 

* 

* 

0.078 

* 

* 

* 

A2 

1/sec  nom 

40K 

* 

* 

* 

10K 

* 

* 

A 

1  /sec  nom 

112 

* 

* 

* 

28 

* 

* 

* 

B 

1  /sec  nom 

52 

* 

* 

* 

13 

# 

* 

* 

acc-1  LSBlag 

Deg/sec2  nom 

17K 

4.2K 

1.1K 

260 

1.1K 

260 

66 

17 

Settling  Time 

ms  max 

90 

90 

150 

350 

350 

360 

600 

1000 

Note:*  means  same  as  value  lo  the  left. 


FIGURE  7.    PROGRAMMING  INFORMATION  FOR  SDC-1 4560 
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only  supporting  Transmit  commands, 
the  T/R~  must  be  a  logic  1  to  enable  the 
converters.) 

The  signal  DTREQ,  in  conjunction 
with  the  R/W  and  DAT/CMT5  signals 
asserted  high,  is  used  to  generate  the  INH 
input  to  the  addressed  converter.  The 
signal  DTGRT  is  not  tied  low  as  it  is  in 
the  sample  Receive  circuity.  It  is 
generated  by  using  the  DTREQ  signal  as 
an  input  to  a  "D"  type  flip-flop  clocked 
at  a  1  MHz  rate.  The  output  of  this 
flip-flop  is  connected  to  the  DTGRT  pin 
of  the  BUS-65612.  This  allows  the  out- 
put of  the  converter  time  to  settle  before 
it  is  presented  to  the  BUS-65612. 

That's  it !  I  As  previously  discussed, 
the  BUS-65612  handles  all  protocol  re- 
lated issues,  such  as  the  generation  or 
suppression  of  the  status  word,  mode 
code  commands,  dual  redundant  bus 
operation,  self-test,  etc.  If  desired,  the 


Built-in-Test  output  of  the  converters 
can  be  connected  to  SSFLAG  pin  of  the 
BUS-65612.  This  will  cause  the  subsys- 
tem flag  bit  to  be  set  in  the  RT's  status 
word  should  one  of  the  converters  detect 
a  problem. 

BOARD  SPACE 

Interfacing  the  BUS-65612  to  the  MTL- 
STD-1553  simply  requires  a  dual 
transceiver,  2  transformers  and  2  5 5 -ohm 
isolation  resisters.  Board  space  can  be 
saved  by  selecting  the  new  24  pin  dual 
transceiver  from  DDC,  the  BUS-63355. 
This  new  device  occupies  a  mere  0.97 
square  inches,  as  opposed  to  the  1.55 
square  inches  required  for  the  36  pin 
transceivers  typically  used.  The  required 
board  space  can  be  reduced  even  further 
with  the  selection  of  the  BUS-65142 
from  DDC.  This  new  component  util- 
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izes  hybrid  processing  technology  to 
combine  the  BUS-65612  die  with  a  dual 
transceiver.  The  result  is  a  78  pin,  1 .9  by 
2. 1  inch  package.  With  the  addition  of  a 
16  MHz  clock,  two  transformers  and  the 
two  55-ohm  isolation  resistors,  the  MTL- 
STD-1553  interface  is  complete. 

CONCLUSION 

The  BUS-65612  opens  up  a  new 
category  of  devices  which  can  be 
economically  controlled  over  the  MTL- 
STD-1553  bus.  By  incorporating  full 
protocol  handling  with  a  non-register 
based  architecture,  the  BUS-65612  and 
BUS-65142  allow  minimal  complexity 
devices  to  be  interfaced  to  the  MIL-STD- 
1553  bus  without  requiring  the  use  of  a 
microprocessor.  Contact  ILC  Data 
Device  Corporation  for  complete  infor- 
mation on  these  products. 


DIGITAL  OUTPUT  CODES 

SCALE 

(MSB)          DIGITAL  OUTPUT  (LSB) 

+  FS-1LSB 

0  1111111111111 

+  HS 

01  000000000000 

+  1LSB 

00000000000001 

ZERO 

00000000000000 

-  LSB 

11111111111111 

-HS 

11000000000000 

-FS 

10000000000000 

DTC-19300  full  scale  (FS)  and  half  scale  (HS) 
digital  output  codes. 

FIGURES.  PROGRAMMING 


BIT  WEIGHTS 

BIT 

WEIGHT 

1  (MSB) 

0.5  full  range  =  FS 

2 

0.25  full  range  =  HS 

3 

0.1 25  full  range 

4 

0.0625  full  range 

5 

0.031 25  full  range 

6 

0.01 5625  full  range 

7 

0.00781 25  full  range 

8 

0.0039063  full  range 

9 

0.0019531  full  range 

10 

0.0009766 full  range 

11 

0.0004833  full  range 

12 

0.0002441  full  range 

13 

0.0001221  full  range 

14  (LSB) 

0.0000611  full  range 

The  weight  of  each  bit  with  respect  to  the  full  scale  output. 


INFORMATION  FOR  DTC-19300 
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FIGURE  9.    INHIBIT  TIMING  DIAGRAM  FOR  SDC-1 4560  &  DTC-1 9300 
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FACTORS  TO  CONSIDER  WHEN  USING  A  PC  IN  A 
MIL-STD-1553  ENVIRONMENT 


WHY  USE  A  PC? 

VME,  MULTIBUS,  UNIBUS  -  these  are  the  sys- 
tems that  are  typically  considered  when  choosing  a 
platform  for  1 553  development.  However,  it  is  well 
worth  a  system  designer's  time  to  consider  the  use  of 
the  IBM  PC  or  compatible.  One  reason  is  the  amount 
of  software  that  is  available  for  the  PC.  Just  about  any 
language,  from  assembler  through  Pascal  and  LISP 
can  be  hosted  on  a  PC. 

Another  reason  is  the  large  number  of  interface 
cards  that  are  available  for  the  PC.  There  are  cards 
available  to  allow  the  PC  to  communicate  over 
Ethernet,  IEEE-488  and  VME  busses,  to  name  just  a 
few.  There  are  also  cards  already  available  to  allow 
the  PC  to  communicate  over  the  1 553  bus. 

But,  you're  asking  yourself,  "what  makes  the  PC 
different  to  say,  the  Multibus  system?  Many  of  these 
same  caveats  can  be  equally  well  applied  to  an  es- 
tablished system  such  as  that  one."  One  factor  that 
allows  the  PC  to  stand  out  is  the  fact  that  it  has  so 
many  other  uses  in  an  engineer's  day.  It  can  be  used 
for  word  processing,  electronic  mail,  etc. 

EFFICIENT  USE  OF  COMPANY  RESOURCES 

In  fact,  it's  quite  possible  that  your  engineers 
already  have  access  to  PC's  -  possible  right  on  their 
desks.  (Can  you  say  that  about  a  Multibus  system?) 
This  means  that  existing  company  resources  can  be 
used  for  the  1 553  development  activity.  This  lowers 
initial  costs  and  allows  you  to  begin  work  im- 
mediately, without  having  to  wait  for  the  delivery  of  a 
VME  or  Multibus  system.  It  also  reduces  the 
problems  associated  with  time-slicing  engineers 
onto  a  scarce  resource  (such  as  a  VME  development 
system). 


Another  reason  is  that  the  PC  comes  in  so  many 
easily  acquired  configurations.  Ruggedized  versions 
are  available,  making  the  PC  ideal  for  such  ap- 
plications as  "suitcase"  type  testers.  Single  board 
versions  are  available  to  allow  you  to  meet  even 
more  stringent  packaging  requirements. 

A  world  of  peripherals  is  available  for  the  PC.  The 
system  designer  can  choose  the  graphics  card  which 
provides  the  best  human  interface  for  the  particular 
application.  This  can  vary  from  a  standard  mono- 
chrome character  display,  to  a  high  resolution  En- 
hanced Graphics  Adapter  (EGA)  system,  to  a  flat 
plasma  display  for  highly  portable  systems.  Software 
packages  are  available  to  allow  the  user  to  develop 
highly  sophisticated  graphic  interfaces  in  a  fraction  of 
the  time  it  would  otherwise  take. 

A  RAM  disk  architecture  is  supported  by  DOS  3.0 
and  higher.  This  feature  allows  you  to  simulate  a  disk 
drive  with  RAM.  It  dramatically  decreases  the  time 
the  PC  spends  performing  data  retrieval.  (It's  a  lot 
faster  to  retrieve  data  from  RAM  than  from  a  mechan- 
ical floppy  or  hard  disk.)  The  PC's  system  memory 
can  be  used,  or  special  purpose  RAM  disk  cards  can 
be  purchased. 

MAKE  vs.  BUY  DECISION 

So  far  we've  only  talked  about  the  options  that  can 
be  purchased  for  a  PC  based  system.  What  about 
designing  your  own  custom  card?  The  IBM  PC  has 
an  "Open  Architecture"  which  facilitates  the  design 
of  custom  cards.  8  bit  and  1 6  bit  slots  are  available  for 
these  peripheral  cards. 

The  8  bit  slots  are  "XT"  compatible.  In  addition  to 
performing  data  transfers  a  byte  at  a  time,  these  slots 
only  decode  address  bits  A0-A1 9.  The  1 6  bit  slots  are 
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AT  compatible,  and  they  decode  an  extra  4  bits  of 
addressing,  from  A0-A23.  It  is  important  that  the 
system  designer  takes  this  into  account  when 
configuring  the  system.  For  instance,  a  board  which 
decodes  20  bits  of  addressing  that  sits  at  address 
C000  will  crash  with  a  board  which  decodes  23  bits 
and  sits  at  address  1C000.  Many  graphics  boards 
are  memory  mapped  only  up  to  the  1Mbyte 
boundary,  so  the  entire  system,  including  purchased 
peripherals,  must  be  carefully  configured. 

The  use  of  the  memory  mapped  architecture 
provided  by  the  PC  allows  the  user  to  simplify  the 
software  development  and  integration  of  the  PC 
based  system.  A  memory  mapped  card  appears  to 
the  application  program  as  RAM.  Normal  read/write 
statements  can  be  used  to  access  the  card  -  no 
hardware  driver  is  necessary. 

This  means  that  if  there  is  a  problem,  there  are  only 
2  variables:  the  board  could  be  bad,  or  there  is  a 
problem  with  the  user's  application  software.  There's 
no  mysterious  piece  of  code  sitting  between  the 
application  code  and  the  board.  (To  make  things 
even  more  complicated,  the  driver  is  usually  not 
written  by  the  person  who  is  writing  the  application 
program.  It's  often  not  even  written  by  someone  in 
the  same  company,  and  is  usually  written  in  as- 
sembly language.  This  makes  it  very  difficult  to 
debug  the  system.) 

Another  advantage  of  a  memory  mapped  card  is 
that  application  software  can  be  written  and  tested 
without  the  card  being  installed.  (Simply  assign  the 
starting  address  of  the  program  to  an  existing  area  of 
system  memory.)  This  allows  the  engineer  to  begin 
development  while  the  custom  card  is  still  being  de- 
signed, or  while  waiting  for  the  card  to  be  delivered 
from  the  vendor. 

EXAMPLE  OF  A  MEMORY  MAPPED  PC  TO  1553 
INTERFACE  CARD 

The  BUS-65515  is  an  example  of  a  memory 
mapped  card  that  allows  the  PC  to  act  as  either  a 
1553  Bus  Controller  (BC),  Remote  Terminal  Unit 
(RTU)  or  Bus  Monitor  (MT).  Since  it  is  memory 
mapped,  the  engineer  utilizes  normal  read/write 
statements  from  Pascal,  Fortran,  even  BASIC  to  load 
the  1553  messages  into  the  board's  onboard  RAM. 

The  engineer  loads  either  a  stack  or  a  Look  Up 
table  with  the  addresses  of  the  messages.  If  the  card 
has  been  programmed  by  the  user  to  act  as  a  BC,  the 
engineer  loads  a  message  count  into  a  reserved 
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word  of  the  onboard  RAM.  The  user  issues  a  start 
command  by  setting  a  particular  bit  in  another 
reserved  word,  and  the  1 553  transmission  begins. 

In  BC  mode,  the  board  will  automatically  issue 
commands  over  the  1 553  bus,  and  interrogate  the 
response  from  the  RTU.  In  RTU  mode,  it  responds  to 
commands  containing  the  boards'  user-programmed 
RTU  address.  The  card  automatically  transfers  data 
to/from  the  onboard  RAM,  without  requiring  any 
overhead  from  the  CPU.  Upon  completion  of  a  1 553 
message,  a  user  maskable  interrupt  is  generated  to 
the  PC.  Other  interrupts  are  also  available  to  inform 
the  PC  of  extraordinary  events,  such  as  error 
conditions. 

INTERRUPT  HANDLING 

An  elegant  feature  of  the  PC  is  its  interrupt 
handling  capability.  The  PC  utilizes  the  INTEL  8259A 
Programmable  Interrupt  Controller.  It  handles  8  in- 
terrupts, with  IRO  having  the  highest  priority.  IR2  is 
typically  used  for  specialized  interface  cards.  The 
system  designer  defines  the  interrupt  routine  for  the 
particular  interrupt  by  loading  it's  starting  address  in 
the  location  4*lnterrupt  number. 

The  PC  has  reserved  6  of  these  interrupt  levels  for 
itself,  leaving  IR2  for  the  user.  This  is  generally  not  a 
problem,  as  each  interrupt  line  can  support  multiple 
devices.  However,  the  interrupt  handler  must  then 
poll  each  device  sharing  the  interrupt  to  determine 
which  unit  requested  service. 

If  this  proves  to  be  a  hindrance  for  very  time  critical 
events,  the  user  can  take  over  one  of  the  "reserved" 
interrupt  lines.  For  instance,  DOS  uses  a  discrete 
interrupt  to  indicate  that  a  key  has  been  pressed  on 
the  keyboard.  The  user  can  take  over  this  interrupt 
for  the  custom  board,  and  poll  the  keyboard  using  the 
Real  Time  Clock  interrupt.  Since  most  engineers 
cannot  type  faster  than  18.2  keystrokes  a  second 
(the  polling  rate  using  the  real  time  clock),  there  will 
be  no  noticeable  difference  in  the  human  interface. 

TYPICAL  1553  APPLICATION:  ATE  SYSTEM 

The  availability  of  IEEE-488  interface  cards,  plus 
the  computing  power  of  the  PC  itself,  makes  the  PC 
an  ideal  platform  for  1553  ATE  applications.  An 
example  of  this  is  the  BUS-69005  software  package. 
This  software,  written  in  Turbo  Pascal,  generates 
and  runs  the  RTU  Production  Test  Plan  (PTP).  It 
characterizes  the  particular  RTU  through  user 
friendly  menus.  Once  the  capability  of  the  particular 
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generates  the  IEEE  commands  necessary  to  run  the 
RTU  PTP.  The  user  may  run  the  entire  test  plan,  or 
any  subset.  Low  cost  test  equipment  is  used  to 
implement  the  most  economical  solution. 

Ruggedized,  and  portable  PC's  can  be  used  to 
implement  "suitcase"  tester  applications.  A  truly 
portable  ATE  system  can  be  developed  using  a 
single  board  or  portable  PC  and  a  1553  interface 
card  with  error  injection  capabilities,  such  as  the 
BUS-6551 7.  This  card  can  also  be  used  in  a  full  PC  to 
simulate  the  entire  1 553  bus. 


TYPICAL  1553  APPLICATION:  SIMULATION/ 
TESTING 


The  BUS-6551 7  allows  the  PC  to  simultaneously 
act  as  a  1553  BC,  multiple  RTU's  and  an  intelligent 
1553  message  monitor.  Error  injection  capability  is 
supported  in  both  BC  and  RTU  modes.  Each 
message  may  be  programmed  with  a  different  type  of 
error  condition.  These  include  bit  and  word  count 
errors,  response  timing  errors,  no  responses, 
Manchester,  parity  and  encoding  errors. 

Thus,  the  user  can  simulate  an  entire  1553 
system,  using  just  one  card  and  one  PC.  The  board 
can  also  be  used  as  a  tester,  to  evaluate  an  external 
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constructs  the  1553  traffic,  indicating  error  conditions 
where  applicable. 

User  friendly  menus  allow  the  engineer  to  quickly 
"get  up  and  go"  with  the  BUS-6551 7.  The  BUS- 
6551 7  is  memory  mapped,  thus  the  application 
software  can  be  run  without  the  board  being  in- 
stalled. This  allows  the  user  to  become  familiar  with 
the  system  and  begin  development  work  while 
waiting  for  the  card  to  be  delivered. 

CONCLUSION 

Due  to  the  wealth  of  the  software  and  hardware 
options  that  are  available  for  the  PC,  it  is  well  worth 
the  system  designer's  time  to  consider  the  use  of  a 
PC  in  a  1553  application.  The  open  architecture  and 
interrupt  handling  available  facilitates  the  use  of 
custom  cards.  The  use  of  memory  mapping  eases 
software  development,  test  and  interrogation.  The 
availability  of  1553  interface  cards  and  software 
packages  for  the  PC  allows  the  system  designer  to 
mix  and  match  available  products  with  custom 
designed  boards  and  software.  The  low  cost  of  PC's 
reduces  the  problem  of  providing  enough  devel- 
opment tools  for  the  project,  as  existing  PC's  can  be 
used.  Finally,  the  human  interface  can  be  tailored  to 
utilize  either  highly  sophisticated  graphics,  or  simple 
monochrome  screens,  depending  on  what  suits  the 
particular  application.  The  PC  is  definitely  a  con- 
tenderforaMIL-STD-1553CPU.  ■ 
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APPLICATION  NOTES 


The  following  Application  Notes  are  available.  Send  your  request 
on  company  letterhead  to: 

ILC  Data  Device  Corporation 
105  Wilbur  Place 
Bohemia,  N.Y.  11716 

Attention:  Literature  Department 


MIL-STD-1553  DATA  BUS: 


Order 

Number  Title 

AN/B-1  Designing  a  Remote  Terminal  to  Talk  with  a  MIL-STD-1553  Network. 

AN/B-2  Manchester  Coding  Data  Bus. 

AN/B-3  MIL-STD-1553  B:  Military  Standard  for  Avionics  Integration. 

AN/B-5  MIL-STD-1553  Bus  Monitor. 

AN/B-6  Hybrid  Trio  Takes  Charge  of  the  Bus-to-CPU  Interface  in  Military  Avionics  Gear. 

AN/B-7  Avoiding  Pitfalls  in  MIL-STD-1553  Transceivers. 

AN/B-8  A  Standard  Local  Network  for  Industrial  Use. 

AN/B-1 0  Monolithic/Superhybrids  Support  1553  Interfaces. 

AN/B-1 1  Low  Cost  Implementation  of  the  SAE-AE9  RTU  Production  Test  Plan. 

AN/B-12  Test  Whether  a  Noise  Source  is  Gaussian. 

AN/B-1 3  Hybrid  modules  help  you  implement  a  1553B  interface. 

AN/B-1 4  Processor  Interfaces  To  1553  Buses. 

AN/B-15  Steamline  Your  MIL-STD-1553  Design  By  Eliiminating  The  CPU. 

AN/B-16  A  Systems  Approach  To  MIL-STD-1553  Terminal  Design. 

AN/B-17  8088  Microprocessor  To  BUS-61553  Interface. 

LINEAR  DATA  CONVERTERS: 
Order 

Number  Title 

AN/L-3  Getting  the  Best  from  A-D  Converters. 

AN/L-7  Optimizing  D/A  Converter  Performance. 

AN/L-8  High  Resolution  A/D  Works  Better  with  Track-Hold. 

AN/L-10  Mend  Flash-Converter  Flaws  with  a  Track/Hold  Cure. 

AN/L-11  Watch  for  Superposition  Errors  in  Data  Converter  Applications. 

AN/L-12  A/D  Simulation  Programs  Predicts  Signal-to-Noise  Ratio. 

AN/L-13  Deglitched  DACs  Improve  Vector-Stroke  Displays. 

AN/L-14  Fast  Fourier  Transform  Speed  Signal  to  Noise  Analysis  for  A/D  Converters. 

AN/L-15  2-Step  Conversion  Increases  ADC  Speed. 

AN/L-17  Design  do's  and  don'ts  polish  16-bit  D/A  performance. 

AN/L-18  Histograms  Simplify  A/D  Converter  Testing. 

AN/L-19  Spreadsheet  Helps  You  Evaluate  System  Noise. 

AN/L-20  Analog/Digital  Dynamic  Testing  Of  High-Speed  A/D. 

AN/L-21  Noise  Power  Ratio  Characterizes  A/D  Performance  For  Communications. 


(continued  on  next  page) 
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(continued  from  previous  page) 
SYNCHRO  CONVERTERS: 


Order 

Number  Title 

AN/S-4  Consider  Basic  Parameters  When  Choosing  S/D  Converters. 

AN/S-8  Shaft  Position  Encoders  for  Industrial  Applications. 

AN/S-12  Choosing  the  Right  Encoder  Simplifies  Motor  Control. 

AN/S-14  A  Reliable,  Low  Cost  Approach  to  Shaft  Position  Control. 

AN/S-16  Let  a  Modern  R/D  Converter  Simplify  Your  Design  Effort! 

AN/S-18  Testing  Of  S/D  Converters. 

HYBRID  PROCESSING: 
Order 

Number  Title 

AN/QC-2  Certification  Requirements  for  Hybrid  Microcircuit  Facilities. 

AN/QC-5  Application  and  Use  of  Acceleration  Factors  in  Microelectronics  Testing. 

AN/QC-6  Volume  Resistivity  Techniques  for  l-A  Process  Evaluation  of  Conductive  Epoxies, 

AN/QC-7  Recovering  Precious  Metal  from  Scrap  Generated  by  the  Hybrid  Manufacturing  Process. 

AN/QC-8  Understanding  Quality  Conformance  Inspection  of  Hybrid  Microcircuits. 

AN/QC-9  Effective  Hybrid  Process  Controls  on  Assembly  Operations. 

POWER  HYBRIDS: 
Order 

Number  Title 

AN/H-1  Hybrids  Take  on  Power. 

AN/H-2  Custom  Power  Hybrids.  ■ 
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1553  DATA  BUS  PRODUCTS 


I  •  TRANSCEIVERS  -  Single 


MODEL 

TYPE 

PACKAGE 

DESCRIPTION/FEATURES 

BUS-8553 

Transceiver 

24  Pin  DDIP 

Hybrid 
1.4x0.8x0.20" 

Featuring  low  power  dissipation  and  improved  filtering  to  enhance  bit  error  rate  of 
system.  Directly  interfaces  to  Harris  15530  Encoder/Decoder. 

BUS-63102II 

Universal 
Transceiver 

1.26  x  1.26x0.17" 
Hybrid 

Universal  transceiver  conforms  to  MlL-STD-1 553  A/B  and  McDonnell  Douglas 
A-3818.  A-5232,  A-4905,  and  A-5690 

BUS-63104II 

Transceiver 

1.26  x  1  26x0.17" 
Hybrid 

Conforms  to  MIL-STD-1 553  A/B.  Improved  filtering  to  enhance  bit  error  rate. 

BUS-6310SII(-1SV) 
BUS-63107II(-12V) 

BUS-63115II 
BU&63117II 

Transceiver 

24  Pin  DDIP 
Hybrid 
1.4x0.8x0.20" 

Monolithic  Transceiver. Listed  on  MIL.  DWG.  No. 5962-86049-02XC. Conforms  to 
MIL-STD-1 553  A/B.  High  S/N  ratio,  internal  filtering.  Drives  Harris  15530  directly. 
SEAFAC  tested.  Eliminates  non-standard  part  approval  when  specified  by  the 
Military  Drawing  number. 

Same  as  BUS-63105  II  but  has  inverted  RX  and  RX  outputs. 
Same  as  BUS-63107  II  but  has  inverted  RX  and  RX  outputs. 

BUS-63125II(-15V) 
BUS-63127II(-12V) 

BUS-63135H 
BUS-63137 II 

Dual 
Transceiver 

36  Pin  DDIP 
Hybrid 
1.9x0.78x02" 

Dual  redundant  monolithic  transceivers  in  a  single  hybrid.  Conforms  to 
MIL-STD-1 553  A/B.  High  S/N  ratio,  internal  filtering.  Drives  Harris  15530  directly. 
Complete  isolation,  including  separate  power  and  signal  connections.  SEAFAC 
tested.  Eliminates  non-standard  part  approval  when  specified  by  the  MIL.  DWG. 
No.  5962-87579-02XC. 

Same  as  BUS-63125  II  but  has  inverted  RX  and  RX  outputs. 
Same  as  BUS-63127  II  but  has  inverted  RX  and  RX  outputs. 

BUS-63147 
BUS-63148 

Dual  5V 
Transceiver 

36  Pin  DDIP 
Hybrid 
1.9  x  7.6  x  0.210" 

Complete  transmitter  and  receiver  pair  conforming  fully  to  MIL-STD-1 553  A/B. 
Features  +5V  power  supply,  Dual  Redundant  packaging,  and  Harris  I/O 
compatibility.  BUS-63148  is  BUS-65612  compatible.  DESC  #5962-89522 

BUS-63355 
BUS-63357 

Dual 
Transceiver 

24  Pin  DDIP 
Hybrid 
1.31  x  0.80  x  0.17" 

Smallest  MIL-STD-1 553A/B  dual  redundant  monolithic  low  power  transceiver  which 
is  designed  to  be  directly  compatible  with  the  BUS-65612  DDC  protocol. 
BUS-63355  is  -15V  and  BUS-63357  is  -12V  power  supply  option. 

BUS-61553(-15V) 
SERIES 

BUS-61S54(-12V) 
BUS-61555(*5V) 

BUS-615S6(-15V) 
8US-61563(-15V) 
BUS-61564(-12V) 
BUS-61565(  +  SV) 

Advanced 
Integrated 
MUX  (AIM)  Hybrid 
AIM-HY 

2.1  x  1.9  x  0.25" 

(DDIP) 

2.2  x  1.6  x  0.17" 
(Flatpack) 

Complete  MIL-STD-1553  Bus  Controller  (BC),  Remote  Terminal  Unit  (RTU),  or  Bus 
Monitor  (MT)  device.  Contains  dual  low  power  transceivers,  complete  BC/RTU/MT 
protocol  logic.  MIL-STD-1 553-to-host  interface  unit,  and  an  8K  x  16  shared  RAM. 
Provides  memory  mapped  1553  interface,  on-line  and  off-line  Self  Test,  and  is 
SEAFAC  Tested. Eliminate  non-standard  part  approval  when  specifiied  by  the  MIL. 
DWG  No.  5962-88692-01XC. 

Same  as  above  but  it  is  transceiverless  and  is  used  with  BUS-63102  II. 
Flatpack  version  of  8US-61553. 
Flatpack  version  of  BUS-61554. 
Flatpack  version  of  BUS-61555. 

BUS-61559 

Advanced 
Integrated 
MUX  (AIM)  Hybrid 
AIM-HY 

2.1  x  1.9  x  0  25" 

(DDIP) 

2.2  x  1.6x0.17" 
(Flatpack) 

Complete  MIL-STD-1 553B  Notice  2  Bus  Controller  (BC),  Remote  Terminal  (RT),  or 
Bus  Monitor  (MT)  device  Supports  STANAG-3910  and  provides  a  direct  interface  to 
SEL's  RT3910  high-speed  protocol  (STANAG-3910)  unit.  Pin,  functional,  and 
software  compatible  to  BUS-61553  Series  including  data  and  address  buffers 
selection,  Subaddress  Memory  Management,  and  additional  interrupts.  BUS-61569 
is  Flatpack  version. 

BUS-6511CK-15V) 
BUS-65111(-12V) 

BUS-6S120(-15V) 
BUS-65121(-12V) 

Dual 
Redundant  RTU 

1.9  x  2.1  x  0.25" 
(DDIP) 

1.6x2.2x0.17" 
(Flatpack) 

Complete  dual  redundant  RTU  package  in  either  DDIP  or  Flatpack  hybrid 
packages.  Includes  two  low  power  Mark  II  transceivers,  two  encoder/decoders,  two 
bit  processors,  RTU  protocol,  data  buffers,  timing  control  logic,  supports  13  mode 
codes,  and  is  a  pin-for-pin  and  Functional  BUS-65112  Replacement. BUS-651 1 1 
listed  on  MIL.DWG.No.5962-87632. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory).  Data  Bus  Products  continued. 
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MODEL 

TYPE 

PACKAGE 

DESCRIPTION/FEATURES 

BUS-65112 
BUS-65117 

Dual  Redundant 
RTU 

2..1  x  1.9x0.25" 

(DDIP) 
2.2  x  1.6  x  0.17" 
(Flatpack) 
Hybrid 

MIL-STD-1553  dual  redundant  RTU  includes  transceivers,  encoder/decoder  and 
protocol.  Supports  13  mode  codes  and  has  DMA  type  interface  handshake. 
SEAFAC  tested.  Eliminated  non-standard  part  approval  when  specified  by  the 
Military  Drawing  number  (DESC)  5962-87535-01XC 

BUS-66142 
BUS-6S144 

Dual  Redundant 
RTU 

1.9  x  2.1  x  0.25" 
(DDIP) 

1.6x2.2x0.17" 
(Flatpack) 

Complete  dual  redundant  RTU  package  in  either  DDIP  or  Flatpack  hybrid 
packages.  Includes  CMOS-SOS  Monolithic  RTU  protocol  and  BiPolar  low  power 
Mark  II  transceivers,  data  buffers,  timing  control  logic,  supports  mode  codes, 
16MHz  decoders  that  offer  improved  noise  rejection  and  zero  crossing  detection, 
and  has  SEAFAC  tested  components 

BUS-6S600 

Dual  Redundant 
BUS  Controller, 
Remote  Terminal, 
or  Bus  Monitor 

2.1  x  1.9x0.25" 
(78  Pin  DDIP) 

2.2  x  1.6x0.17" 
(82  Pin  Flatpack) 

Dual  Redundant  Bus  Controller,  Remote  Terminal  Unit,  or  Bus  Monitor.  Supports 
all  -1553  mode  codes,  selective  mode  code  illegalization  available,  complete  error 
detection  capability  is  provided  for  both  BC  and  RTU  operation,  has  16  bit 
microprocessor  compatibility,  uses  DMA  handshaking  for  subsystem  message 
transfers,  and  has  continuous  on-line  built-in-test.  DESC  DWG  #  5962-88585-01XC. 
(12MHz  clock  operation) 

BUS-65612 

Bus  Controller, 
Remote  Terminal, 
or  Bus  Monitor 

1.32x1.32  x  0.125" 
(PGA) 

Pin  grid  array  (BUS-65612).  Dual  redundant  MIL-STD-1553  Bus  Controller,  Monitor 
or  RTU  hybrid  with  error  detection  and  complete  mode  code  capability.  Includes 
16MHz  dual  encoder/decoder,  dual  bit  processor,  RTU  protocol,  BC  protocol  and 
DMA  subsystem  interface. 

BUS-66300  II 
BUS-66312 

1750  or  STD  CPU 
Interface 

2.1  x  1.9  x  0.25" 
(78  Pin  DDIP) 

2.2  x  1.6x0.17" 
(Flatpack) 

1.32x  1.32  x  0.125' 
(PGA) 

Single  chip  hybrid.  Also  available  in  pin  grid  array  package  (BUS-66312). 
Interfaces  STD  or  1750  CPUs  (F9450  or  PACE  1750A)  and  1553  BC/RTUs 
(BUS-65600  and  BUS-65612)  for  minimum  CPU  overhead;  internal  microcode 
controller:  buffer  controls  for  1750  address  bus  and  data  bus;  registers  for 
command,  interrupt  and  mode  control  words.  DESC  DWG  #  5962-88586-01 XC 

•  CARD  ASS 

EMBLIES 

m' 

BUS-6SS05  (-12V) 
BUS-65506  (-15V) 

Unibus 
Bus  Controller, 
Remote  Terminal 
or  Bus  Monitor 

15.6  x  8.4" 
Unibus 
Hex  Card 

Dual  redundant  Bus  Controller  Remote  Terminal  Unit,  or  Bus  Monitor  with  Unibus  <& 
interface.  Supports  all  MIL-STD-1553  message  formats.  12  Mode  Codes,  and 
provides  Built-in-test  capability.  Its  4K  x  16  bit  dual  access  RAM  and  command 
registers  minimize  CPU  overhead. 

BUS-65508  (-1SV) 
BUS-65S09  (-12V) 

Multibus  I 
Bus  Controller, 
Remote  Terminal 

Ul  OU3  Moniior 

6.75  x  12' 
Multibus  8  Card 

Dual  redundant  Bus  Controller,  Remote  Terminal,  or  Bus  Monitor  with  Multibus  a> 
interface.  Supports  all  MIL-STD-1553  message  formats;  12  Mode  Codes,  and 
provides  built-in-test  capability.  Its  4K  x  16  bit  dual  access  RAM  and  command 
registers  minimize  CPU  overhead. 

BUS-65S12 

O-bus 
Bus  Controller, 
Remote  Terminal 
or  Bus  Monitor 

8.43x10.5x0.44" 
Printed  Circuit 
Card 

Dual  redundant  Bus  Controller,  Remote  Terminal,  or  Bus  Monitor  with  O-bus  $ 
interface.  Supports  all  MIL-STD-1553B  message  formats,  mode  codes,  and 
provides  built-in-test  capability.  Its  on-board  8K  x  16  memory,  data  transfers,  and 
vectored  interrupts  with  priority  level  selection  minimize  CPU  overhead. 

BUS-65515 

IBM  PC® 
Bus  Controller  or 
Remote  Terminal 

13.125  x  4.9" 
IBM  PC  Card 

Dual  redundant  Bus  Controller,  Remote  Terminal  Unit,  or  Bus  Monitor  with  IBM  PC 
interface.  Supports  ail  MIL-STD-1553  message  formats,  13  mode  codes,  and 
provides  built-in-test  capability.  Its  4K  x  16  bit  dual  access  RAM  and  command 
registers  minimize  CPU  overhead. 

BUS-65517  (PC) 
BUS-65517  II  (AT) 

IBM  PC  Card 
for  Test  and 
Simulation 

13.125  x  4.6" 
IBM  PC  Card 

Simultaneously  simulates  a  Bus  Controller,  and  active  Monitor  and  up  to  31  Remote 
Terminals.  Provides  comprehensive  Error  injection  with  Bit/Word  resolution.  Fully 
dual  redundant.  Includes  user  friendly  menu  driven  software. 

BUS-65522 
BUS-65523 

VME/VXI 
Bus  Controller, 
Remote  Terminal 
or  Bus  Monitor 

9.2  x  6.3  x  0.4" 
VME  Eurocard 

Dual  redundant  Bus  Controller,  Remote  Terminal  Unit,  or  Bus  Monitor  with  VME/VXI 
interface.  Supports  all  MIL-STD-1553  message  formats,  mode  codes,  and  provides 
built-in-test  capability.  Its  8K  x  16  dual  access  RAM  and  four  types  of  interrupts 
minimize  CPU  overhead.  BUS-65523  is  McAir  option. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory).  Data  Bus  Products  continued. 

®  Multibus  is  a  registered  trademark  of  Intel  Corporation. 
®  IBM  XT/AT  is  a  registered  trademark  of  International  Business  Machines 
®  Unibus  and  Q-bus  are  a  registered  trademarks  of  Digital  Equipment  Corporation. 
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MODEL 

TYPE 

PACKAGE 

DESCRIPTION/ FEATURES 

BUS-655S5 

MIL-STD-1553 
RTU/BC/MT 
interface  unit  for 
GRiD*  laptop 

GRiD  internal 
battery 
cartridge 
2.9  x  1.45  x  5.5" 
Module 

Full,  intelligent  interfacing  between  MIL-STD-1553B  Data  Bus  and  the  rugged  GRiD 
1520.1530,  and  1535  series  laptop  XT/AT*  compatible  computers.  Software 
controls  operation  as  either  a  1553  Bus  Controller  (BC),  Remote  Terminal  Unit 
(RTU),  or  Bus  Monitor  (MT).lt  offers  the  Dual  1553  ports  through  standard  1553 
triaxial  connectors. 

BUS-69007 
BUS-69008 
BUS-69009 

Software 
upgrades  for 
BUS-65517 

Flexible  Disk 

BUS-69007  is  a  MlL-STD-1 553A  Response  Time  Software  package  that  allows  the 
BUS-65517  to  emulate  multiple  (up  to  3DMIL-STD-1553A  RTs.  BUS-69008  is  Real 
Time  Software  package  that  allows  direct  BUS-65517  control  through  Microsoft  C 
and  Turbo  Pascal. 

•  TERMINAL  BIT  PROCES 

SORS,  DUMB  RTUS,  and  MCE  SMITHS 

BUS-64100  II 

Bit  Processor 

1.15  x  2.15  x  0.2" 
Hybrid 

LSI  based  Manchester  II  encoder/decoder.  Wrap-around  self-test,  16  bit  parallel 
tri-state  output,  mode  codes,  address  recognition,  time  out. 

BUS-65101  II 
BUS-65102 II 
BUS-65201  II 

Dumb  RTU 
(1553  and 
MACAIR) 

1.8  x  1.6x0.2" 
Hybrid 

MIL-STD-1553  dumb  RTU  with  transceiver,  encoder/decoder,  control  logic  dual 
rank  I/O  registers,  and  internal  clock  oscillator.  Provides  all  interlace  functions 
between  the  Data  Bus  and  a  subsystem  parallel  data  highway.  May  operate  as  an 
RTU,  BC  or  Bus  Monitor,  in  either  single  or  dual  redundant  configurations.  SEAFAC 
tested . 

MT32017 
MT32018 

RTU 
LSI  Chip  Set 
MCE  Smiths 

DIP,  FP  and  LCC 
2.5  x  .910  x  0.25" 
2.5  x  .625  x  0.20" 

A  complete  (less  transceivers)  dual  redundant  RTU  implemented  in  3  packages. 
Conforms  to  MIL-STD-1553B  and  features  all  mode  codes,  wrap  around  self  test 
and  a  32  word  by  16  bit  FIFO.  The  MT32018  is  an  encoder/decoder. 

•  TESTERS 

BUS-68005 

Data  Bus 
Exerciser 

17x14.5x3.5" 
Instrument 

Enhanced  version  of  BUS-68003;  provides  full  function  simulation  of  RTU  and  BC 
operation;  implements  protocol  test  of  SAE  AE-9  proposed  production  test  plan; 
has  1553  A/B  System  Tests;  Real-Time  Monitor  output;  programmable  transmitter 
output  level  and  channel  A/B  selection;  can  do  superceding  command  test;  error 
generation/detection;  RS-232  and  GPIB-488  external  control. 

BUS-680I0 

Data  Bus  Tester 

8.5x3.5x9.3" 
Instrument 

Low  cost,  bench  top  error  generating  and  detecting  instrument  tor  functional 
testing  of  MIL-STD-1553  Data  Bus  systems.  Operational  as  Bus  Controller,  Remote 
Terminal  and  Bus  Monitor. 

BUS-68015 

Noise  Tester 

8.25  x  14.5  x  3.5" 

Programmable  bit  error  rale  tester;  self  contained  Bus  Controller  and  noise  source 
which  correlates  with  SEAFAC;  auto  self  test  &  diagnostics.  Programmable  via 
IEEE  488;  pass/fail  or  continuous  run. 

BUS-69005 

MIL-STD-1553 
Test  Software 

Flexible  Disk 

Used  with  the  BUS-68005  Data  Bus  Tester,  BUS-68015  Noise  Tester  and  an  IBM 
PC/XT/AT  to  perform  all  protocol  tests  specified  in  the  SAE  AE-9  RTU  Production 
Test  Plan.  Menu-driven  complete/partial  PTP  execution;  disk  storage  ot 
PTP-subset  and  RTU  configurations;  single,  continuous  and  Halt-on-Error 
execution.  Selectable  test  data  printout. 

BUS-69006 

MIL-STD-1553 
Test  Software 

Rexible  Disk 

Provides  a  menu-driver  ATE  environment  using  an  IBM  PC/XT/AT  host  along  with 
two  of  DDC's  BUS-68005  Data  Bus  Exerciser  to  perform  all  protocol  tests  specified 
in  the  SAE  RTU  Production  Test. 

•  SPECIAL  TEST  EQUIPMENT 

BUS-8559 

Var.  Output 
Transceiver 

24  Pin  DDIP 
Hybrid 
1.4  x  0.8  x  0.20" 

Conforms  to  MIL-STD-1553  A/B.  Has  variable  output  level  for  use  in  test 
applications.  Receiver  has  internal  filtering  for  high  S/N  ratio. 

BUS-1555 

Manchester  II 
decoder 

Encapsulated 
Module 

3.1  x  2.6  x  0.8" 

Decodes  serial  Manchester  into  16  bit  parallel  and  NRZ  serial  data  output.  Error 
detection  capability. (16MHz  clock  operation) 

BUS-1556 

MIL-STD-1553 
Encoder 

Encapsulated 
Module 

3.1  x  2.6  x  0.8" 

Encodes  parallel  data  into  Manchester.  Errors  include;  Manchester  coding,  parity, 
high  and  low  bit  count,  and  sync  field. (2MHz  clock  operation) 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory).  Data  Bus  Products  continued. 

©  GRiD  is  a  registered  trademark  of  GRiD  Systems  Corporation. 
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MODEL 

TYPE 

PACKAGE 

DESCRIPTION/FEATURES 

BUS-€7001(UKT) 
BUS-67002(UKU) 
BUS-670O3<UKS) 
BUS-67007 

SEM  Family 

ISEM  2A 
Format  B 

Format  E 

Family  of  SEM  modules  to  configure  dumb  RTU,  complete  RTU  or  Bus  Controller. 

A  complete  MIL-STD-1553  &  1750A  computer  I/O  ,  RT/BC/MT  mode  selectable,  with 
on  board  shared  ram  support.  L.E.D.'s  indicate  the  board  activity  and  status. 

BUS-2S679 
BUS-27765 
BUS- 29854 
BUS-41429 
B-2396 

Isolation 
Transformers 

0.63x0.63x0.3" 
Module 

Provides  all  of  the  turns  ratio  configurations,  component  isolation,  and  common 
mode  rejection  ratio  characteristics  necessary  for  MIL-STD-1553  A/B.  Low  profile, 
modular  units  that  are  multitapped  to  accommodate  existing  system 
configurations. 

B-220O2300 
Series' 

Interface 
Transformers 

(BETA) 
•see  footnote 

0.63  x  0.63  x  0.3" 
or 

0.5x0.35  x0.25" 
Modules 

Interface  transformers  listed  on  DESC  Spec.  No.  M21 038/27.  Designed  to  couple 
MIL-STD-1553  A/B  compatible  drivers  to  the  bus.  Low  profile  devices  multi-tapped 
to  accommodate  existing  system  configurations.  Eliminates  non-standard  part 
approval  when  specified  by  the  Miliary  Drawing  number.  Listed  on  QPL-21 032-31 
from  BETA  transformers. 

ANALOG  TO  DIGITAL  (A/D)  CONVERTERS 


MODEL 

RESOLUTION 

CONVERSION 
TIME 

LINEARITY 
ERROR 

PACKAGE 

OPERATING 
TEMP.  RANGE 

POWER 
DISSIPATION 

DESCRIPTION/FEATURES 

ADC-00110 
ADC-O0012 

12  Bit 

100  nsec 

±0.025% 
FSR 

46  Pin  Plug-in 

Hybrid 
1 .6X2.4X0.2" 

-55°C  to 
+  125°C 

7W 

10  MHz  word  rate,  containing  T/H, 
A/D  converter,  data  registers, 
Tri-State  output  registers,  and 
timing  circuits. 

ADC-00115 

12  Bit 

200  nsec 

±  1/2  LSB 

5.0  x  5.43X0.5" 
Card 

0°Cto  +70°C 

7.25  W 

5  MHz  word  rate,  containing  T/H, 
A/D  converter,  data  registers, 
Tri-State  output  registers,  and 
timing  circuits. Pin-for-pin  low 
power  MOD-1205  replacement. 

ADC-00300 
ADC-00302 

12  Bit 

500  nsec 

±0.012% 
FSR 

40  Pin  TDIP 
40  Pin  Flatpack 

1.2X2.2X0.25" 

-55°C  to 
+  125°C 

3W 

2MHz  word  rate;  includes  T/H  and 
all  timing  circuits.  Very  high  speed. 

ADC-00305 

12  Bit 

500  nsec 

±0.012% 
FSR 

40  Pin  TDIP 
Hybrid 

0°C  to  +  70°C 

2.6W 

2  MHz  word  rate;  containing  T/H, 
AID  converter,  Tri-State  output 
registers,  and  timing  circuits.  Low 
cost. 

ADC-00403 
ADC-00404 

12  Bit 

2u.sec 

±1/2  LSB 

32  Pin  TDIP 
1.14X1.93X0.2" 

-55°C  to 
+  125°C 

2.4W 

High-speed,  pin-for-pin 
replacement  for  ADC87  and 
ADC85.  Military  applications. 
Hermetic  seal. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory). 

■  Order  B-2200/2300  Series  directly  from  Beta  Transformers  Technology  Corporation 
1  Comae  Loop,  Ronkonkoma,  N.  Y.  11779.  (516)  588-2505 
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MODEL 

RESOLUTION 

F.S.  SETTLING  TIME 

LINEARITY 
ERROR 

PACKAGE 

OPERATING 
TEMP. 
RANGE 

POWER 
DISSIPA- 
TION 

DESCRIPTION/FEATURES 

VOLTAGE 

CURRENT 

ADH-030  II 

12  Bit 

- 

35  nsec 

±  1/2LSB 

24  Pin  DDIP 

Hybrid 
1.4x0.8x0.2" 

-55°C  to 
+  125°C 

1.2  W 

Low  glitch  energy  2.5mA-  nsec  . 
One  monolithic  active  component. 
Very  fast  settling.  ECL 

DAC-02306 
DAC-02307 

14  Bit 

350ns 

50  nsec 

±0.01% 
F.S.R. 

24  Pin 
DDIP  Hybrid 
1 .4x0.8x0.2" 

-55°C  to 
+  125°C 

1.8W 

14  bit  latched  DAC  with  fast  settling 
voltage  output.  Pin  programmable 
output  voltage,  wtih  trimmable  gain 
and  offset. 

DAC-02310 
DAC-02311 

14  Bit 

1.5U.S6C 

±0.01% 
F.S.R. 

32  Pin  TDIP 
1.16x1.75x0.21" 
32  Pin 
Flatpack 
1.10x1.8x0.18" 

■55°C  to 
+  125°C 

1.7W 

14  bit  deglitched  D/A  converter  with 
10MHz  update  rate,  pin 
programmable  output  ranges  and 
50mV  -  nsec  differential  glitch 
energy. 

DAC-02315 
DGL-02316 

12  Bit 

35ns 

±0.01% 
F.S.R. 

24  Pin 
DDIP  Hybrids 
1.4x0.8x0.2" 

-55°C  to 
+  125°C 

3.3W 

Deglitching  D/A  converter  with  35 
MHz  update.  14mV  PP  glitch  and 
38ns  glitch  duration. 

SAMPLE/HOLD  and  TRACK/HOLD  AMPLIFIERS 


MODEL 

ACQUISITION 
TIME 

(F.S.CHANGE) 

LINEARITY 
ERROR 

PACKAGE 

APERTURE 
JITTER 

SMALL 
SIGNAL 
BANDWIDTH 

DROOP 
RATE 

OPERATING. 
TEMP. 
RANGE 

POWER 
DISSIPA- 
TION. 

DESCRIPTION/FEATURES 

TH-8530 

10  nsec 

±0.012% 
F.S.R. 

24  Pin  DDIP 

Hybrid 
1.4x0.8x0.2" 

20psec 

100MHz 
typ 

1.0m 
V/u-s 

•55°C  to 
+  125°C 

1.9W 

Includes  buffer  amplifier, 
50  MHz  sample  rate. 
-60db  feedthrough. 

THA-05203 

150  nsec 

±  0.0005% 
F.S.R. 

24  Pin  DDIP 

Hybrid 
1.4x0.8x0.2" 

50  psec 

16MHz 
typ 

0.5  u. 
V/U.S 

-55°C  to 
+  125UC 

685mW 

High  speed  and  High 
accuracy.  HTC-0300  and 
TP  4680  pin  compatible. 
74db  feedthrough. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory). 
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MIL-STD-1553  DESIGNER'S 


SYNCHRO  AND  RESOLVER  TO  DIGITAL 
(S/D,  R/D)  CONVERTERS 


MODEL 

RESOLUTION 

ACCURACY 

PACKAGE 

TRACK NG 
RATE 

DESCRIPTION/FEATURES 

HSOC-8915 

Monobnd 

Series 

14  Bit 

to  ±2.8' 

36  Pin  DDIP 
0.79x1.9x0.2" 

10  rps 

Low  power  S/D.  3  state  output,  tracks  during  output  inhibit.  LSI  based 
hi  rel.  All  common  inputs.  Can  operate  as  CT. 

RDC-19200 

Monobnd 

Series 

10,  12.  14, 
or  16  Bit 

*  10' 
to 

±  2" 
+  1  LSB 

40  Pin  TDIP 
1.14x2.02x0.23" 

3.2  to  800 
rps 

Provides  resoiver(sine  and  cosine)  to  digital  conversion.  Pin 
programmable  for  10,  12,  14,  or  16  bit  resolution.  Bandwidth  and 
scalable  Velocity  Output  voltage.  Features  BIT  and  LOS  outputs.  2 
and  118  VRMS  inputs.  Inductrosyn  compatible 

RDC-19210 
Series 

10,  12,  or  14 
Bits 

to  ±5.3' 

28  Pin  DDIP 
1 .4x0.6x0.2" 
40  Pin  DDIP 

c. .  UXU  DXU  £ 

to  640  rps 

Low  cost,  monolithic  programmable  Resolver  and  LDVT  to  Digital 
converter  with  tach  grade  velocity  output.  Available  in  military  and 
industrial  models. 

SDC-630 

10  Bit 

±  at* 

2.6x3.1x2.6" 
Module 

50  rps 

Low  profile,  transformer  isolated,  industry  standard  pin  out.  47  Hz  to 
1000  Hz. 

SDC-632 

12  Bit 

±  8.5' 

2.6x3.1x0.4" 

iviuuu  i  w 

40  rps 

Low  profile  (0.4)  industry  standard.  All  common  inputs.  Transformer 

SDC-634 

14  Bit 

to  ±2.6' 

2.6x3.1x0.4" 

10  rps 

Low  profile  (0.4)  industry  standard.  All  common  inputs.  Transfomer 

SDC-14520 

vnunoona 

Series 

16  Bit 

to  ±1.3' 

36  Pin  DDIP 

1 .25  rps 

Small,  low  power  S/D.  3  state  output,  tracks  during  inhibit.  All 
common  inputs,  i  nree  accuracy  opnons.  —  o.o,  — £.d,  oi  —  i.o- 

SDC-14531 
Series 

14  or  16  Bit 

to  ±1.3' 

36  Pin  DDIP 
1.9x0.78x0.21" 
Hybrid 

0.61  to  10 
rps 

Low  cost,  high  reliability  synchro  or  resolver  to  digital  converter. 
Built-in-test  (BIT).  Internal  Synthesized  Reference,  and  single  5V  power 
supply. 

SDC-14S32 
Series 

1 2  or  1 4  Bit 

2:8.5'  or 
±5.3' 

32  Pin  TDIP 
1.74x1.14x0.28" 

12  to  48 
rps 

Low  cost  programmable  R/D  converter.  It  has  CT  Mode  capability, 
three-state  latched  outputs,  and  the  inhibit  does  not  interrupt  tracking. 

SDC- 14560 
Series 

10,12,14,  or 
16  Bit 

±  6' to 
±  1' 
+  1  LSB 

36  Pin  DDIP 
1.9x0.78x0.21" 

0.61  to 
1 60  rps 

Military  grade  synchro  or  resolver  input.  Synthesized  reference. 
Programmable  resolution  and  tack-like  velocity  output.  Packaged  in  a 
hermetic  case.  Can  operate  as  CT. 

SDC-14S70 

14  Bit 

±  5.3' 

1.0x0.8x0.2" 

10  rps 

Low  cost  S/D  converters  with  tachometer  quality  velocity  output. 

SOC-14600 
Series 

14  Bit 

±  5.3' 

28  Pin  DDIP 

1.5x0.8x0.2" 

10  rps 

Low  cost  dual  independent  S/D  converters  with  tachometer  quality 
velocity  output. 

SDC-14S10 

14  Bit 

±  5.3' 

36  Pin  DDIP 

1.9x0.8x0.2" 

10  rps 

Low  cost  triple  independent  S/D  converters  with  tachometer  quality 
velocity  output. 

SDC-14700 

5  decades 

±0.03° 

3.1x2.6x0.4" 

180°/sec 

0.01°  synchro  or  resolver  to  BCD  converter. 

SDC-19204 
Monobnd 

10,12,14,  or 
16  Bit 

±  8' to 
±  2' 
+  1  LSB 

40  Pin  TDIP 

2.0x1.1x0.23" 

2.5  to  160 
rps 

Low  cost.  Programmable  resolution  and  BW.  Velocity  output 
eliminates  tach. 

HSDC-360 

16-20  Bit 

Varies  with 
speed  ratio 

36  Pin  DDIP 
(x3)  plus  parts 
1.9x0.79x0.21" 

±2.5  rps 

A  two  speed  S/D  or  R/D  tracking  converter  composed  of  two  hybrid 
control  transformers,  a  hybrid  data  processor,  plus  discrete  compo- 
nents. Connection  diagram  for  other  than  1:36  ratio  supplied  on  request. 

SDC-361 

16  Bit 

±  1  LSB 

2.6x3.1x0.8" 
Module 

1000°/sec 

1x.  36x  2  speed  S/D.  Transformer  isolated,  broadband  47  Hz  to  3000 
Hz.  All  common  inputs. 

SDC-362 

16  Bit 

±  1  LSB 

2.6x3.1x0.8" 
Module 

1000°/sec 

1x,  18x  2  speed  S/D.  Transformer  isolated,  broadband  47  Hz  to  3000 
Hz.  All  common  inputs. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory). 


Synchro  Products  continued. 
*  New  product. 


IX-7 


ILC  DATA  DEVICE 


MIL-STD-1553  DESIGNER'S  GUIDE 


SYNCHRO  AND  RESOLVER  TO  DIGITAL 
(S/D,  R/D)  CONVERTERS 

(continue) 


MODEL 

RESOLUTION 

ACCURACY 

FREQUENCY 

PACKAGE 

DESCRIPTION/FEATURES 

HMSDC-8700 

14  Bit 

±4.6' 
±  1/2  LSB 

36  Pin  DDIP 
1.9x0.79x0.21" 
(x2) 

Two  hybrids  or  encapsulated  modules  are  used  for  a  4-channel, 
multiplexed  system.  The  two  packages  consist  of  a  central 
converter  and  an  input  processor  which  accepts  four  signal 
channels  and  one  reference  channel.  Multiple  input  processors 
can  be  accommodated  with  one  central  converter.  150  u.sec 
conversion  time  per  channel.  Simultaneous  sampling  and  random 
accessing.  All  common  L-L  voltages  and  frequencies. 

MSOC-700 

14  Bit 

5:4.6' 
±  1/2  LSB 

2.6x3.1x0.4" 
(x2  Module) 

> 



OSC-15801 



400Hz  - 
20kHz 

1.0x0.8x0.2" 

Synchro/Resolver/lnductosyn  reference  oscillator  and  has 
quadrature  ref.  output  voltages  (two  outputs  90°  out  of  phase)  with 
programmable  output  freq.  (400Hz  -  20kHz). 

REF-15001 
Series 

2.5kHz  or 
10kHz 

1.52x1.78x0.35" 

Synchro/Resolver/lnductosyn  reference  oscillator.  2.5  KHz  or  10 
KHz  for  high  speed  applications.  Provides  pin  programmable  AC 
reference  for  1 1 ,8V,  4.4V, or  2.0V. 

DIGITAL  TO  SYNCHRO  AND  RESOLVER 
(D/S,  D/R)  CONVERTERS 


MODEL 

RESOLUTION 

ACCURACY 

PACKAGE 

OUTPUT 
DRIVE 

DESCRIPTION/FEATURES 

DSC-10510 

16  Bit 

40  Pin  TDIP 
2.0x1.1x0.2" 

7VA 

High  power  D/S  converter.  Microprocessor  compatible.  BIT  output  and 
short  circuit  protected.  AC  or  DC  power  supplies.  5VA  drive  available. 

DRC-10520 

16  Bit 

to  ±  V 

32  Pin  TDIP 
1.14x1. 74x0. 18" 

2  VA 

High  power  D/R  converter.  8  bit  2  byte  double  buffered  transparent 
input  latch.  BIT  output  and  short  circuit  output  protection.  AC  or  DC 
power  amps.  Replaces  DRC-10500.  Requires  standard  2:  15V  supply. 

DRC-11S22 

16  Bit 

±  V 

36  Pin  TDIP 
Hybrid 
1.9x0.78x0.21" 

2mA-rrns 

2  channel  D/R.  Each  channel  is  independent  from  the  other  with  the 
exception  of  the  16  digital  lines.  Pin  programmable  gain  control. 

DSC-644 

14  Bit 

±4' 

2.6x3.1x0.5" 
Module 

1.5  VA 

Low  profile  industry  standard  pin-out.  Metal  heat  sink,  current  limited, 
and  transient  protected.  Internal  400  Hz  transformers.  Low  scale 
factor  variation.  CMOS  and  TTL  digital  input  compatibility. 

DSC-544 

14  Bit 

3:4' 

2.6x3.1x0.8" 
Module 

4.5  VA 

Powered  from  reference,  metal  heat  sink,  all  internal  transformers. 
Short  circuit  proof  and  transient  protected.  Thermal  cutoff.  Output  is 
transformer  isolated  90V  synchro  at  400Hz  and  60Hz. 

DSC-11S20 

16  Bit 

to  ±1' 

36  Pin  DDIP 
1.9x0.78x0.21" 

2mA 

16  bit  programmable  D/S  and  D/R  converter.  8  bit  2  byte  double 
buffered  transparent  latches.  Output  short  circuit  protection.  0.05% 
scale  factor  variation.  Replaces  HDSC-14. 

TO- 100 

12  Bit 

±10' 

5.4x5.3x0.7" 
PC  Card 

25  VA 

Hi  power  torque  receiver  synchro  driver.  Options  to  1 1 5  VA  with 
external  booster  amp.  Short  circuit  protected,  thermal  cutout, 
sequenced  turn  on,  input  registers. 

TD-101 

12  Bit 

±10' 

5.4x5.3x0.7" 
PC  Card 

Same  as  above  but  designed  for  remote  power  stage. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory). 
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SYNCHRO  AND  RESOLVER  INSTRUMENTS 


MODEL 

FUNCTION 

RESOLUTION 

ACCURACY 

PACKAGE 

DESCRIPTION/FEATURES 

API- 30602 

Synchro 
Indicator 

0.001° 

to  ±0.03° 

3.8x2x7.5" 
Panel  Meter 

Low  cost,  pin  programmable  for  all  common  inputs,  bright  .43" 
display,  Instate  output,  offset  adjust  for  system  zeroing. 47-1200HZ. 

DBA-488 

488  Bus 
Adapter 

- 

- 

6.1x8.1x1.7" 
Assy 

IEEE-488  interface  adapter  for  instruments.  Talk  and  listen. 
Interfacing  information  stored  in  a  plug-in  ROM. 

HSR- 103/203 

Synchro 
Indicator 

0.001° 

±0.005° 

1.7"  High  (103) 
3.5"  High  (203) 
1/2  Rack 

Wideband  47-1000  Hz,  automatic  gain  ranging,  bit  fault 
Monitor,  synthesized  reference,  programmable  0-360° 
or  ±  180  ,  IEEE-488  option. 

IAC-37001 

Synchro 
Simulator 
&  Indicator 

20/16  bits 
Programable 

18  arc  sec 

VXI  'C  size  card 
9.2x13.4x1 .2" 

Instrument  on  A  Card.  Combines  the  capabilities  of  both  the 
HSR-203  and  SIM-31200  on  one  card. 

MSR-236 

2  Speed 

Synchro 
indicator 

0.01° 

±0.01° 

12x9.6x4.8" 
Combination 
Case 

Converts  single  or  dual  (1 :36  or  2:36)  speed  synchro  or  resolver 
signals  to  BCD  angle.  Transformer  isolation.  MIL-T-21200  case. 

SR-103r203 

Synchro 

0.01° 

±0.03° 

1.7"  High  (103) 
3.5"  High  (203) 
1/2  Rack 

0.01°  version  of  the  above. 

SIM-31200 

Angle 
Simulator 

0.001° 

to  ±0.003° 

14.5x8.12x3.47" 
Instrument 

Synchro  or  resolver  angle  simulator  with  high  accuracy,  wide 
band  operation  (47Hz  to  11kHz).  Front  panel  keyboard 
programmable  (local  mode),  standard  parrallel  I/O,  or  optional 
IEEE-488  I/O  (remote  mode). 

SYNCHRO  AND  RESOLVER  CARDS 


* 


MODEL 

RESOLUTION 

ACCURACY 

PACKAGE 

DESCRIPTION/FEATURES 

IAC-37001 

SEE  SYNCHRO  AND  RESOLVER  INSTRUMENTS  FOR  THE  IAC-37001. 

SOC-36015 

10,12,14, 
or  16  Bits 

±  3' 

4.5x13.5x0.44" 

R/D-S/D  CONVERTER  CARD.  Full  size  IBM  card  for  1  to  6  channel  of  Resolver 
or  Synchro  to  Digital  conversion.  It  uses  either  the  RDC-19200  Series  (for 
resolver  inputs)  or  SDC-14560  (for  synchro  inputs)  hrbrid  converters. 

SPECIAL  FUNCTIONS 


FUNCTION 

RESOLUTION 

MODEL 

ACCURACY 

PACKAGE 

DESCRIPTION/FEATURES 

CONTROL 
TRANSFORMER 

14  Bit 

HSCT-14 

to  +2' 

36  Pin  DDIP 
0.78x1.9x0.21" 

Control  transformer.  For  new  designs  use  HSDC-8915  or 
SDC-14560. 

LVDT/RVDT 
TO  DIGITAL 
CONVERTER 

12  Bit 

or 
14  Bit 

DTC-19300 

0.25%,  0.05% 

36  Pin  DDIP 

0.78x1.9x0.21" 

12  or  14  Bit  LVDT  (Unear  Variable  Differential 
Transformer)  or  RVDT  (Rotary  VDT)  to  digital  converter 
which  also  supplies  the  AC  excitation;  Frequency,  signal 
gain,  and  resolution  are  all  programmable.  Also  features 
velocity  and  Built-in-Test  outputs. 

LVDT/RVDT 
TO  DIGITAL 
CONVERTER 

12  bit 

DTC-19305 

0.15% 

1.0x0.8x0.2" 

Low  Cost.  12  Bit  LVDT  or  RVDT  to  digital  converter  in  a 
very  small  package.  Based  upon  a  monolithic  ratiometric 
tracking  converter.  Resistor  programmable  sum  and 
difference  input  range. 

SYNCHRO 
BOOSTER 
AMPLIFIER 

SBA- 

SERIES 

AMPLIFIER 

±  3' 

7.4x5.1x1.8"  (400Hz) 
7.4x5.1x2.6  (60Hz) 
Chassis 

25  VA  drive  (6  ft  active  load).  Kick  circuit  prevents  180° 
hang-up.  powered  from  reference.  Short  circuit, 
transient  and  overload  protected. 

U.S.  NAVY 
STANDARD 
ELECTRONIC 
MODULES 

SEM 

MODULES 

Many  S/D,  D/S,  A/D,  D/A  and  1553  Data  Bus  key  codes. 
Consult  factory. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory)  *  New  product. 
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MODEL 

PACKAGE 

DESCRIPTION/FEATURES 

PWR-82320 
SERIES 

1.370  x  1 .800  x  0.375" 

HIGH  CURRENT  (30A)  H-BRIDGE  WITH  FLYBACK  DIODES,  contains  four  N-channel  power  mosfets 
connected  into  a  full  H-bridge  configuration  and  shunted  by  anti-parallel  fast  recovery  diodes,  high 
current  capability  and  small  size,  ft  has  a  very  low  forward  voltage  drop,  high  efficiency,  low  recovery 
charge  and  low  {unction  to  case  thermal  resistance. 

PWR- 82324 
SERIES 

1.370  x  1.800  x  0.375" 

HIGH  CURRENT  (12A)  H-BRIDGE  WITH  FLYBACK  DIODES, contains  two  N-channel  and  two  P-channel 
power  mosfets  connected  into  a  full  H-bridge  configuration  and  shunted  by  fast  recovery  diodes,  high 
current  capability  and  small  size,  ft  has  a  very  low  forward  voltage  drop,  high  efficiency,  low  recovery 
charge,  low  junction  to  case  thermal  resistance. 

•  MOTOR  DRIVERS 

PWR -82331 
SERIES 

3.0  x  2.1  x  0.395" 

SMART  POWER  3  PHASE  MOTOR  DRIVE  BRIDGE  WITH  FLYBACK  DIODES  AND  INTERNAL  GATE 
DRIVE  CIRCUITRY.  30A  current  capability  at  200V  and  600V  Vcc.  Each  input  is  driven  directly  from  a 
ground  referenced  signal  with  no  bias  voltage  required.  Thermal  resistance  of  <0.85°C/W. 

PWR -82340 
SERIES 

2.2  x  2.1  x  0.395" 

SMART  POWER  MOTOR  DRIVE  H-BRIDGE  WITH  FLYBACK  DIODES  AND  INTERNAL  GATE  DRIVE 
CIRCUITRY.  30A  current  capability  at  200V  and  600V  Vcc.  Each  input  is  driven  directly  from  a  ground 
referenced  signal  with  no  bias  voltage  required.  Thermal  resistance  of  <0.85°C/W  . 

MEMORY  HYBRIDS 


MODEL 

PACKAGE 

DESCRIPTION/FEATURES 

MEM- 84002 

46  Pin  Square  Flat  Pack  1 .25  x  1 .25  x  0. 1 5" 

55ns  64K  X  16  STATIC  RAM  organized  as  four  32K  x  8  blocks  with  TTL 
compatible  inputs  and  outputs  It  has  low  power  requirements,  battery 
back-up  with  2V  data  retention,  fast  access  time,  full  CMOS 
construction,  an  external  decoding  option,  operates  from  -55°C  to 
+  125°C. 

DC  -  DC  CONVERTERS 


MODEL 

PACKAGE 

DESCRIPTION/FEATURES 

PWR-82400 
SERIES 

3.2  x  2.45  x  0.595" 
10  pin  plug  in  with  mounting  flange 

±  15V  &  +5V,  2;  12V  &  +5V  34W  &  50W  DC  -  DC  converters  Features  include 
high  power  density  and  80%  min  operating  efficency.  Operation  over  a  wide 
operating  temperature  range  and  hermetically  sealed. 

PWR-82415 

1.82x3.085x0.4" 

Same  as  above  except  that  it  is  a  +  5V,  25W  DC-DC  Converter 

PWR-82416 

1 .82  x  3.085  x  0.55" 

Same  as  above  except  that  it  is  a  +5V,  75W  DC-DC  Converter 

PWR- 82425 

1  82  x  3.085  x  0  4" 

Same  as  above  except  that  it  is  a  ±  15V,  25W  DC-DC  Converter 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory). 
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SYSTEMS 


MODEL 

PACKAGE 

DESCRIPTION/FEATURES 

6514 

Cabinet  78  x  22  x  24" 

SOLID  STATE  SYNCHRO  RETRANSMISSION  SYSTEM  (SRS)  that  provides  power 
boosts  as  well  as  speed  ratio,  ratioratio  transformation  of  ships  navigation,  and  altitude 
synchro  information.  It  has  digital  implementation  and  modular  partitioning,  BITE,  fully 
protected  outputs,  high  reliability  and  is  expandable. 

6480 

Cabinet  67  x  21 .6  x  21 .6" 

SOLID  STATE  SYNCHRO  RETRANSMISSION  SYSTEM  (SRS)  that  provides  power 
boosts  as  well  as  speed  ratio,  ratioratio  transformation  of  ships  navigation,  and  altitude 
synchro  information.  It  has  digital  implementation  and  modular  partitioning,  BITE,  fully 
protected  outputs,  high  reliability  and  is  expandable. 

6322 

Cabinet 

SOLID  STATE  SYNCHRO  RETRANSMISSION  SYSTEM  (SRS)  that  provides  power 
boosts  as  well  as  speed  ratio,  ratioratio  transformation  of  ships  navigation,  and  altitude 
synchro  information.  It  has  digital  implementation  and  modular  partitioning,  BITE,  fully 
protected  outputs,  high  reliability  and  is  expandable. 

6438  BR 

Open  frame  chassis 
20.25x23.21  x  13" 

Seven  channel,  Hi  -  power,  digital/synchro  drive  system 

DDC-6498/5521 

9.96  x  3.96  x  9.875" 
2.81  x  3.90  x  7.59"(DDC-5521) 

39  channel  switchboard  synchro  panel  meter 

S-SERIES 

Euro-Card 

Building  -  block  PC  cards  for  SRS,  IRS,  and  Custom  system  requirements 

SOLID-STATE  POWER  CONTROLLERS 


MODEL 

PACKAGE 

DESCRIPTION/FEATURES 

LMC-47002 

3/4  ATR  enclosure 

The  LMC-41002  is  an  electrical  load  management  center  that  provides 
MIL-STD-704  power  to  aircraft  electrical  systems.  Resident  in  the  unit  are  two  DDC 
BUS-67007s  which  provide  the  intelligence  for  load  management  functions  such  as 
fault  detection,  current  overload  protection,  automatic  resetting,  and  load  shedding. 

SSP21110 
Series 

The  SSP21 110  Series  of  28  Vdc  Solid-  State  Power  Controllers  are  Remote 
Solid-State  Relays  with  controlled  trip  characteristics  and  status  outputs.  Utilizing 
Power  MOSFET  switches,  these  Power  Controllers  offer  low  on'  resistance,  low 
voltage  drop,  high  off  impedance,  and  low  power  dissipation. 

NOTES:  Most  hybrid  products  are  available  with  Military  Processing  (Contact  Factory). 
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History  and  background.  ILC  Data  Device  Corporation 
was  incorporated  in  1964  as  a  supplierof  high  perform- 
ance operational  amplifiers.  From  its  inception, 
emphasis  has  been  placed  on  state  of  the  art,  high 
quality  data  and  signal  conversion  components  and 
systems.  In  1971  DDC  was  acquired  by  ILC  Industries, 
sole  supplier  of  the  Apollo,  Skylab  and  Shuttle  space 
suits.  Since  its  acquisition  by  ILC  Industries,  DDC  has 
accelerated  its  progress  in  the  data  conversion  field 
and  is  today  the  leading  supplier  of  synchro  conversion 
equipment  and  a  major  supplier  of  high  performance 
A/D  and  D/A  conversion  equipment.  DDC's  present 
capability  encompasses  diversity  in  the  design  and 
production  of  high  quality  discrete  and  hybrid  data 
conversion  components  and  systems. 

DDC  boasts  a  complete  design  engineering  function  in- 
tegrated with  a  sophisticated  manufacturing  operation 
whose  capability  ranges  from  production  quantities  of 
standard  components  to  custom  circuitry  requiring 
comprehensive  engineering  production  and  quality. 

Facilities.  DDC  has  its  headquarters  in  Bohemia,  Long 
Island,  New  York  where  it  occupies  166,000  square  feet 
in  three  buildings  at  the  Airport  International  Plaza. 
These  modern,  air-conditioned  premises  contain  an 
up-to-date,  thick-film  and  thin-film  hybrid  manufac- 
turing operation  with  its  own  environmental  control 
system,  qualifying  it  to  meet  high  performance 
standards.  DDC's  facility  is  certified  as  a  QPL  supplier 
of  SEM  modules  to  MIL-M-28787,  and  meets  other  high 
quality  and  reliability  standards,  such  as  MIL-Q-9858A 
and  MIL-STD-883C.  DDC  has  also  supplied  equipment 
with  the  reliability  levels  required  for  manned  space 
flight. 

DDC  is  conveniently  located  next  to  Long  Island 
MacArthur  Airport  which  offers  non-stop  service  to 
Boston,  Washington,  Pittsburgh  and  several  other 
major  east  coast  cities,  and  convenient  transportation 
to  New  York  City  airports. 

Engineering.  DDC  has  assembled  in  its  organization  a 
staff  of  highly  specialized  engineers.  Its  capabilities 


range  from  state-of-the-art  analog  and  digital  circuit 
design  to  design  of  monolithic  components,  computer 
interfaces  and  instrumentation.  The  staff  is  also 
responsible  for  data  conversion  system  design, 
transformer  design,  and  thick  and  thin-film  hybrid 
design  and  packaging. 

The  Engineering  Department  performs  initial  design, 
breadboard  fabrication  and  testing,  prototype 
assembly  and  evaluation.  Annually  it  also  produces 
several  million  dollars  worth  of  system  and  subsystem 
design,  fabrication  and  testing. 

Product  Assurance.  At  DDC,  the  Product  Assurance 
function  is  headed  by  a  Vice  President.  He  has  sole 
responsibility  for  Product  Assurance  and  reports 
directly  to  the  President.  This  ensures  independent 
actions  thereby  maintaining  integrity  of  the  Product 
Assurance  (Quality,  Reliability,  and  Maintainability) 
function. 

The  Quality  Assurance  program  at  DDC  is  fully 
compliant  with  MIL-Q-9858A  and  MIL-STD-45662. 
DDC's  Workmanship  Standards  Manual  complies  with 
MIL-E-5400,  MIL-E-16400,  MIL-STD-883C,  MIL-STD- 
454,  MiL-STD-275  and  MIL-STD-1772  as  well  as  the 
particular  requirements  of  current  DDC  customers. 

Manufacturing.  DDC's  manufacturing  capabilities  are 
subdivided  into  the  discrete  and  hybrid  disciplines  in 
which  the  company  specializes.  Each  area  is  managed 
by  a  different  team  of  specialists,  under  the  direction  of 
a  single  Vice-President  of  Manufacturing. 

Sales  and  Marketing.  Our  Sales  Department  is 
composed  almost  exclusively  of  graduate  electronic 
engineers.  This  is  because  the  products  that  DDC  sells 
are  often  modified  to  meet  a  specific  customer's 
requirements.  Only  with  marketing  and  sales  personnel 
technically  qualified  in  our  product  line  can  we 
accurately  assess  our  customer's  needs  and  translate 
those  needs  into  documentation  our  engineering, 
manufacturing  and  quality  assurance  organizations 
can  use. 


